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GENES FROM A GENE CLUSTER 

i 

Field of the Invention 

! The present invention relates to a gene cluster, and more particularly to genes from a 
gene cluster. 

More particularly the invention relates to polynucleotides, such as DNA, which; ! 
accelerate the biosynthesis of a HMG-CoA reductase inhibitor. ML-236B, in an ML-236B 
producing micro-organism when introduced in the ML-236B producing micro-organism. The 
invention further relates to vectors into which said polynucleotides are incorporated, host cells 
transformed by said vectors, proteins expressed by said vectors, a method for producing ML- 
23 6B using said polynucleotides and/or proteins where the method comprises recovering ML- 
23 6B from the culture of said host cell, and the invention further relates to other associated 
aspects. 

Background of the Invention 

Pravastatin is an HMG-CoA reductase inhibitor. Pravastatin sodium has been j used 
in the treatment of hyperlipemia or hyperlipidaemia and has the useful pharmacological' effect 
of being able to reduce serum cholesterol. Pravastatin can be obtained using Streptomyces 
carbophilus by microbial conversion of ML-236B produced by Penicittium citrinum 
[described in Endo, A., et al> J, Antibiot.,29 1346(1 976): Matsuoka, T., et al., Eur. J, 1 
Biochem., 1 84, 707 (1989), and in Japanese Patent Application Publication No 57-2240]. 

It has been shown that both ML-236B, a precursor of pravastatin, and lovastatin, a 
HMG-CoA inhibitor, share the same partial structure. They are synthesized biologically via 
pOlyketides [described in Moore, R.N., et al. J.Am.Chem.Soc.,107, 3694(1985); Shiac?, 
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M.and Don. H.S.. Proc. Natl. Sci. Counc. Repub. China B. 11. 223(1987)]. 

Polyketides are compounds derived from a {3-keto carbon chains that result from a 
continuous condensation reaction of low-molecular weight carboxylic acids, such as acetic 
acid, propionic acid, butyric acid or the like. Various structures may be derived depending on 
the pathway of condensation or reduction of each of the p-keto carbonyl groups [described in 
Hopwood. D.A. and Sherman. D.H., Annu. Rev. Genet.. 24. 37-66 (1990); Hutchinson. C. R. 
and Fujii. I.. Annu. Rev. Microbiol.. 49. 201-238(1995)]. 

Polyketide Synthases (hereinafter referred to as PKSs) that contribute to the synthesis 
of polyketides are enzymes known to be present in filamentous fungi and bacteria. The 
enzymes of filamentous fungi have been studied using molecular biological techniques [as 
described in Feng. G.H. and Leonard. T. J.. J. Bacterid.. 177. 6246 (1995); Takano. Y., et al. 
Mol. Gen. Genet. 249. 1 62 ( 1 995)]. In Aspergillus lerreus. which is a lovastatin producing 
micro-organism, a PKS gene related to the biosynthesis of lovastatin has been analyzed 
[described in International application laid-open in Japan (KOHYO) No.9-504436. and see 
corresponding WO 9512661 which claims DNA encoding a triol polyketide synthase]. 

Genes related to biosynthesis of secondary metabolites of filamentous fungi often 
form a cluster on the genome. In the pathways of the biosynthesis of polyketides. gene 
clusters participating in said pathway are known to exist. In the biosynthesis of Aflatoxin, 
which is a polyketide produced by Aspergillus flavus and Aspergillus parasiticus, genes 
encoding enzyme proteins participating in said biosynthesis (such as PKS) have been known 
to form a cluster structure. Genomic analysis and a comparison of the genes participating in 
the biosynthesis of Aflatoxin in each of the micro-organisms has been carried out [see Yu, J., 
et al. , Appl. Environ. Microbiol.. 6 1 , 2365 ( 1 995)]. It has been reported that genes 
participating in biosynthesis of Sterigmatocystin produced by Aspergillus nidulans form a 
cluster structure in about 60 kb of a continuous region on its genome [described in Brown, D. 
W. et al, Proc. Natl. Acad. Sci. USA, 93, 1418 (1996)]. 


The modulation of polyketide synthase activity by accessory proteins during 
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lovastatin synthesis has been investigated [see Kennedy. J. et al. Science Vol 284. 1368 
(1999)]. 

However, to date, there has been insufficient molecular biological analysis into the 
biosynthesis of ML-236B. and factors regulating it. The present invention sets out to address 
this problem. 

Summary of Invention 

According to the present invention, there is provided a polynucleotide which is 
suitable for use in accelerating the biosynthesis of ML-236B. 

The polynucleotide is typically a polynucleotide encoding a protein including or 
consisting of the amino acid sequence of SEQ ID N038. 42.44. 46. 48 or 50. Polynucleotide 
variants thereof are also provided which encode a modified amino acid sequence having at 
least one deletion, addition, substitution or alteration. 

Tabulation for Sequence Listing 

A sequence listing forms part of this patent specification. As an aid to understanding, 
we give the following tabulation of the listed sequences. 

SEP ID NO identity 


1 


pML48 insert 

complementary to SEQ ID NO 1 
PCR primer for Example 4 
PCR primer for Example 4 

oligonucleotide DNA (1) for S'-RACE, Example 8 
oligonucleotide DNA (1) for 5'-RACE, Example 8 
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4 


5 


6 


• 
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7 oligonucleotide DNA (1) for 5 '-RACE. Example 8 

8 oligonucleotide DNA ( 1 ) for 5*-RACE. Example 8 

9 oligonucleotide DNA ( 1 ) for 5 * -RACE. Example 8 

1 0 oligonucleotide DNA ( 1 ) for 5 ' -RACE. Example 8 

1 1 oligonucleotide DNA (2) for 5 "-RACE. Example 8 

12 oligonucleotide DNA (2) for 5"-RACE. Example 8 

1 3 oligonucleotide DNA (2) for 5 "-RACE. Example 8 

14 oligonucleotide DNA (2) for 5 "-RACE. Example 8 

15 oligonucleotide DNA (2) for 5 "-RACE. Example 8 

16 oligonucleotide DNA (2) for 5 -RACE. Example 8 

1 7 5 '-end cDNA fragment. Example 8 

18 5'-end cDNA fragment. Example 8 

19 5 '-end cDNA fragment. Example 8 

20 5 "-end cDNA fragment. Example 8 

21 5 ' -end cDN A fragment. Example 8 

22 5 "-end cDNA fragment. Example 8 

23 oligonucleotide DNA (3) for 3 "-RACE. Example 8 

24 oligonucleotide DNA (3) for 3 "-RACE. Example 8 

25 oligonucleotide DNA (3) for 3 '-RACE. Example 8 

26 oligonucleotide DNA (3 ) for 3 "-RACE, Example 8 

27 oligonucleotide DNA (3) for 3 "-RACE. Example 8 

28 oligonucleotide DNA (3) for 3 "-RACE. Example 8 

29 3 '-end cDNA fragment. Example 8 

30 3 '-end cDNA fragment. Example 8 

31 3 '-end cDNA fragment. Example 8 

32 3 '-end cDNA fragment. Example 8 

33 3 '-end cDNA fragment. Example 8 

34 3'-end cDNA fragment, Example 8 

35 RT-PCR primer, Example 9 

36 RT-PCR primer. Example 9 

37 mlcE; cDNA nucleotide sequence and deduced amino acid 


m 


sequence 

38 

39 

40 

41 

sequence 

42 

43 

sequence 

44 

45 

sequence 

46 

47 

sequence 

48 

49 

sequence 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 


deduced mlcE polypeptide 
RT-PCR primer. Example 12 
RT-PCR primer. Example 12 

mlcR: cDNA nucleotide sequence and deduced amino acid 
deduced mlcR polypeptide 

mlcA: cDNA nucleotide sequence and deduced amino acid 
deduced mlcA polypeptide 

m/cB: cDNA nucleotide sequence and deduced amino acid 
deduced mlcB polypeptide 

mlcC: cDNA nucleotide sequence and deduced amino acid 
deduced mlcC polypeptide 

mlcD: cDNA nucleotide sequence and deduced amino acid 

deduced mlcD polypeptide 
RT-PCR primer. Example 1 7 
RT-PCR primer. Example 17 
RT-PCR primer. Example 17 
RT-PCR primer. Example 1 7 
RT-PCR primer. Example 1 7 
RT-PCR primer. Example 1 7 
RT-PCR primer. Example 1 7 
RT-PCR primer. Example 1 7 
RT-PCR primer, Example 1 7 
RT-PCR primer, Example 1 7 
RT-PCR primer, Example 17 
RT-PCR primer. Example 17 
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Preferred Embodiments 

The polynucleotides encoding the amino acid sequences of SEQ ID NO 38. 42. 44. 46. 
48 or 50 can be cDNA. genomic DNA or mRNA. The genomic DNA encoding each of these 
six sequences are referred to as structural genes m/cE. mlcK. mlcA. mlcB. mkC and w/cD. 
respectively. Without being tied to these assignments, we believe that the structural genes 
encode proteins with the following functions: 

polyketide synthase 
polyketide synthase 
P450 monooxygenase 
HMG-CoA reductase 
efflux pump 
transcriptional factor 

We have discovered that the incorporation of m/cE or cDNA corresponding to mlcE 
can accelerate the biosynthesis of ML-236B. and the incorporation of mlcK or cDNA 
corresponding to mlcR can accelerate the biosynthesis of ML-236B. Furthermore. mlcK 
stimulates transcriptional expression of mlcA to D. mlcA. B. C and D are involved in the 
production of ML-236B, independently or in combination, as shown by gene disruption 
studies. 

Variants of mlcA. B and/or C obtainably by natural or artificial change will be useful 
to produce derivatives of ML-236B. including statins such as pravastatin or lovastatin. In this 
respect, it may be possible to produce pravastatin directly by using such variants with only the 
one fermentation step and without the need for microbial conversion of ML-236B to 
pravastatin currently performed with Streptomyces carbophilus. 


mlcA 
mlcB 
mlcC 
mlcD 
mlcE 
mlcR 


A preferred polynucleotide includes a sequence comprising SEQ ID NO 37, or 
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comprising a mutant or variant thereof capable of accelerating the biosynthesis of ML-236B. 
Such a DNA polynucleotide is obtainable from transformed Escherichia coli pSAKexpE 
SANK 72499 (FERM BP-7005). \ 

;i 

Another preferred polynucleotide includes a sequence comprising SEQ ID NO 4l 9 or 
comprising a mutant or variant thereof capable of accelerating the biosynthesis of ML-236B. 
Such a DNA polynucleotide is obtainable from transformed Escherichia coli pSAKexpR 
SANK 72599 (FERM BP-70G6). I 

The polynucleotides of this invention can be employed in operative combination with 
one or more polynucleotides. Preferred combinations are suitable for use in enhancing the 
production of ML236B in an ML-23 6B producing micro-organism. 1 

Examples of such combinations include the polynucleotide of SEQ ID NO 37, or 
variant thereof having similar function, in combination with one or more sequences selected 
from SEQ ID NO 37 itself, 41, 43, 45, 47 or 49; as well as the polynucleotide of SEQ lb NO 
41, or variant thereof having similar function, in combination with one or more sequences 
selected from SEQ ID NO 37, 41 itself, 43, 45, 47 or 49. 

•i 

In one aspect, the polynucleotide is preferably a polynucleotide encoding a protfein 
including or consisting of the amino acid sequence of SEQ ID NO 38, 42, 44, 46, 48 or 50 and 
capable of accelerating the biosynthesis of ML-236B alone or in conjunction with the 
polynucleotide of SEQ ID NO 37, SEQ ID NO 41 or a variant thereof having a similar ; 
function. 

The present invention further extends to polynucleotides which are capable of > 
hybridizing under stringent conditions with a polynucleotide of this invention. Such ': 
polynucleotides extend to polynucleotides suitable for accelerating the biosynthesis of jllL- 
236B in a ML-236B producing micro-organism when introduced in the ML-236B prodiiicing 
micro-organism. • 

: The polynucleotide is typically DNA, cDNA or genomic DNA, or RNA, and can be 
sense or antisense. The polynucleotide is typically a purified polynucleotide, such as a' 


polynucleotide free from other cellular components. 


The present invention extends to polynucleotide variants encoding amino acid 
sequences of the indicated SEQ ID NO 38. 42. 44. 46. 48 or 50. where one or more 
nucleotides has been changed. The changes may be naturally occuring. and can be made 
within the redundancy or degeneracy of the triplets of the genetic code. Such degenerativelv 
changed polynucleotides thus encode the same amino acid sequence. Within these 
polynucleotide variants, we include genomic DNA having extrons and introns. rather than 
simply the cDNA sequence. 

The present invention further extends to polynucleotide variants encoding amino acid 
sequences of the indicated SEQ ID NO 38. 42. 44. 46. 48 or 50. which encode a modified 
amino acid sequence having at least one deletion, addition, substitution or alteration. Thus, 
the invention extends to polynucleotide variants of the indicated sequences which encode 
amino acid sequences which are shorter, longer or the same length as that encoded by the 
indicated sequences. Preferably the variant polypeptides retain an ability to accelerate the 
synthesis of ML-236B. and preferably have activity substantially similar to or better than the 
parent sequence giving rise to the variant sequence. 

The polynucleotide variants retain a degree of identity with the parent sequence. 
Suitably the degree of identity is at least 60%. at least 80%. at least 90% or at least 95% or 
100%. The degree of identity of a variant is preferably assessed by computer software, such 
as the BLAST program which uses an algorithm for performing homology searches. 

In one aspect, the preferred polynucleotide of this invention is DNA selected from the 
group consisting of: 

(a) DNA which comprises one or more of nucleotide sequence shown in nucleotide No. 1 to 
1662 of SEQ ID No. 37 of the Sequence Listing, and which is characterized in accelerating 
the biosynthesis of ML-236B in a ML-236B producing micro-organism when being 
introduced in said ML-236B producing micro-organism; 

(b) DNA which hybridizes with the DNA described in (a) under the stringent condition, and 
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which is characterized in accelerating the biosynthesis of ML-236B in a ML-236B producing 
micro-organism when being introduced in said ML-236B producing micro-organism; 

(c) DNA which comprises one or more of nucleotide sequence shown in nucleotide No. 1 to 
1380 of SEQ ID No. 41 of the Sequence Listing, and which is characterized in accelerating 
the biosynthesis of ML-236B in a ML-236B producing micro-organism when being 
introduced in said ML-236B producing micro-organism: 

(d) DNA which hybridizes with the DNA described in (c) under the stringent condition, and 
which is characterized in accelerating the biosynthesis of ML-236B in a ML-236B producing 
micro-organism when being introduced in said ML-236B producing micro-organism. 

The polynucleotides of this invention accelerate the biosynthesis of ML-236B in a 
micro-organism which produces ML-236B. Examples of ML-236B producing micro- 
organisms include Penicillium species, such as Penicillium citrinum, Penicillium 
brevicompactum [described in Brown. A.G.. et al.. J. Chem. Soc. Perkin-1.. 1 165(1976)]. 
Penicillium cyclopium [described in Doss. S.L.. et al. J. Natl. Prod..49. 357 (1986)] or the 
like. Other examples include: Eupenicillium sp.M6603 [described in Endo. A., et al.. J. 
Antibiot. -Tokyo, 39, 1609(1986)]. Paecilomyces viridis FERM P-6236 [described in Japanese 
Patent Application Publication No.58-98092]. Paecilomyces sp.M201 6 [described in Endo. 
A., et al, J. Antibiot. -Tokyo. 39. 1609 (1986)]. Trichoderma longihrachiatum M6735 
[described in Endo, A., et al. J. Antibiot.-Tokyo. 39. 1609(1986)]. Hypomyces chrysospermus 
IFO 7798 [described in Endo. A., et al.]. Antibiot.-Tokyo. 39. 1609(1986)]. Gliocladium sp. 
YJ-9515 [described in WO 9806867]. Trichorderma viride IFO 5836 [described in Japanese 
Patent Publication No.62- 191 59]. Eupenicillium reticulisporum IFO 9022 [described in 
Japanese Patent Publication No. 62-19159]. or any other suitable organism. 

Among these ML-236B producing micro-organisms, Penicillium citrinum is 
preferred, and the Penicillium citrinum strain SANK 13380 is more preferred. Penicillium 
citrinum SANK 13380 strain was deposited at the Research Institute of Life Science and 
Technology of the Agency of Industrial Science and Technology on December 22, 1992 under 
the deposit Nos. FERM BP-4129, in accordance with the Budapest Treaty on the Deposition 
of Micro-organisms. Examples of ML-236B producing micro-organisms also include those 
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isolated from natural sources and those mutated naturally or artifically. 

The invention further provides vectors comprising a polynucleotide of this invention, 
such as the vector obtainable from Escherichia coli pSAKexpE SANK 72499 (FERM BP- 
7005) or Escherichia coli pSAKexpR SANK 72599 (FERM BP-7006). Such vectors of this 
invention include expression vectors. 

Host cells transformed by a vector of this invention are also provided, including ML- 
23 6B producing micro-organisms. Host cells of this invention include Penicillium citrinum 
and Escherichia coli. such as Escherichia coli pSAKexpE SANK 72499 (FERM BP-7005) or 
Escherichia coli pSAKexpR SANK 72599 (FERM BP-7006). 

Additionally the invention extends to polypeptides encoded by a polynucleotide of this 
invention. Examples of polypeptides of this invention include the sequence of SEQ ID NO 
38 or 42, or a variant thereof which has at a specified degree of identity to SEQ ID NO 38 or 
42 and which is capable of accelerating ML236B production in an ML236B producing 
organism. Other polypeptides are those encoded by the other polynucleotide sequences of 
this invention, and variants which retain a degree of identity. 

Suitably the degree of identity of polypeptide variants to SEQ ID NO 38 or 42 is at 
least 80%. at least 90% or at least 95% or 1 00%. The degree of identity of a variant is 
preferably assessed by computer software, such as the BLAST program which uses an 
algorithm for performing homology searches. 

The polypeptides of this invention include shorter or longer sequences of SEQ ID NO 
38 or 42 or variants. Shorter polypeptides comprise partial amino acid sequences of SEQ ID 
NO 38, 42 or variants thereof and preferably retain the ability to accelerate the biosynthesis of 
ML236B. Longer polypeptides comprise all or partial amino acid sequences of SEQ ID NO 
38, 42 or variants thereof and preferably retain the ability to accelerate the biosynthesis of 
ML236B. Longer polypeptides include fusion proteins such as Fc-fused protein. 
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Polypeptides of this invention include one having the sequence of SEQ ID NO &8 
SEQ ID NO 42, SEQ ID NO 44, SEQ ID NO 46, SEQ ID NO 48, or a varinat thereof having 
the similar function. Antibody to polypeptides of this invention are also provided. Both 
polyclonal antibody and monoclonal antibody are provided by this invention. Said antibody is 
useful for regulating ML-236B production and for producing derivatives of ML-236B such as 
statins including pravastatin and lovastatin. Furthermore, said antibody can be preferably 
used for analysis of ML-236B biosynthesis and regulatory mechanisms thereof. Such analysis 
is useful for modulating ML-236B production and for producing derivatives of ML-236B. ' 

The host cells of this invention which have a vector of this invention can be used in a 
method for producing ML-236B, comprising culturing such a host ceil and then recovdring 
ML-236B from the culture, In one method, the vector comprises mlcE or micR, and njo 
additional genes such as mlcA, mlcB, mlcC or mlcD. !' 

Production by a method of this invention can occur in the absence of recombinant 
mlcA, mlcB, mlcC and/or mlcD (polypeptides) corresponding to SEQ ID NO 44, SEQijrD NO 
46, SEQ ID NO 48 or SEQ ID NO 50, ;• 

"i 

DESCRIPTION OF SPECIFIC EMBODIMENTS ,| 

The present invention will be hereinafter described in more detail, :' 

ii 

The inventors of the present invention have cloned genomic DNA comprisingjlgenes 
participating in the biosynthesis of ML-236B in Penicillium citrinum. The genomic D|NA is 
Hereinafter referred to as ML-236B biosynthesis related genomic DNA, and was cloned! from a 

genomic DNA library of a ML-236B producing micro-organism. The genomic DNA w|as 

i 

analyzed to find structural genes on said genomic DNA, then cDNAs corresponding to! said 
structural genes were obtained by reverse transcription - polymerase chain reaction i ! 
(hereinafter referred to as a "RT-PCR") using total RNA which contains mRNA of : ! 
Penicillium citrinum as a template. It was found that the biosynthesis of ML-236B inj.a ML- 

236B producing micro-organism was accelerated when the ML-236B producing micro-* 1 

j 

organism was transformed by a recombined DNA vector containing said cDNAs. ; 

The present invention relates particularly to cDNAs (hereinafter referred to as ImL- 
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236B biosynthesis accelerating cDNA) that accelerate the biosynthesis of ML-236B in a ML- 
236B producing micro-organism when introduced into said ML-236B producing micro- 
organism. 

An ML-236B biosynthesis accelerating polynucleotide of the present invention, such 
as ML-236B biosynthesis acclerating cDNA. includes, by way of example: 

(I) DNA obtainable by synthesis using, as a template, a transcribed product 
(messenger RNA. hereinafter referred to as mRNA) of a structural gene which participates in 
the biosynthesis of ML-236B and which exists in the genomic DNA of a ML-236B-producing 
micro-organism; 

(II) double stranded DNA formed as a result of association of a DNA (I) and the 
second strand DNA synthesized using the DNA (I) as a first strand; 

(III) double stranded DNA formed by replicating or amplifying the double stranded 
DNA (II), for example, by a method of cloning or the like; 

(IV) DNA which can hybridize with one of the above DNAs or mRNA under 
stringent conditions. 

The DNA (IV) can be those shown in any of the structural gene sequences herein, for 
example nucleotide No. 1 to 1662 of SEQ ID No. 37 of the Sequence Listing or nucleotide 
numbers 1 to 1380 of SEQ ID No 41. wherein one or more nucleotides is optionally 
substituted, deleted and/or added, and which can accelerate the biosynthesis of ML-236B in an 
ML-236B producing micro-organism when introduced in the ML-236B producing micro- 
organism. 

When two single stranded nucleic acids hybridize they form a double-stranded 
molecule in a region in which they are complementary or highly complementary with each 
other, and "stringent conditions" suitably refers to the case in which the hybridization solution 
is 6 x SSC [1 x SSC has a composition of 150 mM NaCl, 15 mM of sodium citrate], and the 
temperature for the hybridization is 55°C. 

ML-236B biosynthesis accelerating cDNA can be obtained, for example, by isolating 
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a clone containing the cDNA from a cDNA library of a ML-236B producing micro-organism. 

As an alternative, RT-PCR can be used employing a pair of primers designed on the basis of 

the nucleotide sequence of an ML-236B biosynthesis-related genomic DNA together with 

mJRNA or total RNA of a ML-236B producing micro-organism. 

; ■; 

! I, 

An ML-236B producing micro-organism is a micro-organism inherently having an 
ability to produce ML-236B. As indicated previously, examples of ML-236B producing 
micro-organisms include Penicillium species, such as Penicillium citrinum, Penicillium 
brevicompactum, Penicillium cyclopium or the like, and other examples include: ;! 
Eupenicillium sp.M6603, Paecilomyces viridis FERM P-6236, Paecilomyces sp.M2016 : , 
Trichoderma longibrachiatum M6735 7 Hypomyces chrysospermus IFO 7798, Gliocladiitm sp, 
YJ-9515, Trichorderma viride IFO 5836, Eupenicillium reticulisporwn IFO 9022, and any 

other suitable organisms- !| 

i '\ 
i ', 

Among these ML-236B producing micro-organisms, Penicillium citrinum is 
preferred, and the Penicillium citrinum strain SANK 13380 is more preferred. Penicillium 
citrinum SANK 13380 strain was deposited at the Research Institute of Life Science ariid 
Technology of the Agency of Industrial Science and Technology on December 22, 1992jiunder 
the deposit Nos. FERM BP-4129, in accordance with the Budapest Treaty on the Deposition 
of Micro-organisms. Examples of ML-236B producing micro-organisms also include Both 

r 

those isolated from natural sources and those mutated naturally or artificially. 

ML-236B biosynthesis related genomic DNA can be obtained by screening a ,; 
genomic DNA library of an ML-236B producing micro-organism with a suitable probe.! 
Suitably the probe is designed on the basis of a DNA sequence predicted to have a role an ML- 
23 6B biosynthesis, suitably originating from a filamentous fungus. 

The choice of methods for creating a genomic DNA library are not limited, and any 
suitable method may be used, preferably being a general method for constructing a genomic 
DNA library of a eukaryotic organism. Examples thereof include the method of Manialis et 
at. [Maniatis, T., et at, Molecular cloning, a laboratory manual, 2nd ed., Cold Spring Hjarbor 
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Laboratory. Cold Spring Harbor. N.Y. (1 989)]. Other suitable methods are known in the art. 

In outline, genomic DNA from an ML-236B producing micro-organism can be 
obtained by recovering cells from a culture of said ML-236B producing micro-organism, 
physically breaking the cells, extracting DNA present in the nuclei thereof and purifying said 
DNA. 

Culturing of a ML-236B producing micro-organism can be performed under 
conditions suitable for the particular ML-236B producing micro-organisms. For example, 
culturing of Penicillium citrinum, a preferred ML-236B producing micro-organism, can be 
performed by inoculating the cells in MBG3-8 medium [composition: 7 %(w/v) glycerin. 3 
%(w/v) glucose. 1 %(w/v) soybean powder. 1 %(w/v) peptone (manufactured by Kyokuto 
Seiyaku Kogyo corporation). 1 %(w/v) Corn steep liqueur (manufactured by Honen 
corporation). 0.5 %(w/v) sodium nitrate. 0.1 %(w/v) magnesium sulfate heptahydrate (pH 
6.5)], and incubating at 22 to 28°C with shaking for 3 to 7 days. A slant for storage of the 
bacterium can be prepared by pouring melted PGA agar medium [composition: 200g/L potato 
extract. 15 %(w/v) glycerin. 2% (w/v) agar] into a test tube, and allowing the agar to solidify 
at an angle. Penicillium citrinum may then be inoculating into the slant using a platinum 
needle, followed by incubation at 22 to 28°C for 7 to 15 days. Micro-organisms or bacteria 
grown in this way can be continuously maintained on the slant by reserving the slant at 0 to 
4°C. 

Cells of an ML-236B producing micro-organism cultured in a liquid medium can be 
recovered by centrifugation. and those cultured on a solid medium can be recovered by 
scraping from the solid media with a cell scraper or the like. 

Physical breaking of cells can be performed by grinding the cells using a pestle and a 
mortar, after freezing them with liquid nitrogen or the like. DNA in the nuclei of the broken 
cell can be extracted using a surfactant such as sodium dodecylsulfate (hereinafter referred to 
as SDS) or other suitable surfactant. The extracted genomic DNA is suitably treated with 
phenol - chloroform to remove protein, and recovered as a precipitate by performing an 
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ethanol precipitation. 

The resulting genomic DNA is fragmented by digestion with a suitable restriction 
enzyme. There is no limitation on the restriction enzymes that can be used for the restriction 
digest, with generally available restriction enzymes preferred. Examples thereof include 
Sau3AI. Other suitable enzymes are known in the art. Digested DNA is then subjected to gel 
electrophoresis, and genomic DNA having a suitable size is recovered from the gel. The size 
of DNA fragment is not particularly limited, but is preferably 20 kb or more. 

There is likewise no limitation on the choice of DNA vector used in construction of 
the genomic DNA library, as long as the vector has a DNA sequence necessary for replication 
in the host cell which is to be transformed by the vector. Examples of suitable vectors 
include a plasmid vector, a phage vector, a cosmid vector, a BAC vector or the like, with a 
cosmid vector being preferred. The DNA vector is preferably an expression vector. More 
preferably, the DNA vector comprises a DNA or nucleotide sequence which confers a 
selective phenotype onto the host cell transformed by the vector. 

The DNA vector is suitably a vector that can be used in both cloning and expression. 
Preferably the vector is a shuttle vector which can be used for transformation of more than one 
micro-organism host. The shuttle vector suitably has a DNA sequence which permits 
replication in a host cell, and preferably a sequence or sequences which permit replication in a 
number of different host cells from different micro-organism groups such as bacteria and 
fungi. Furthermore, the shuttle vector preferably comprises a DNA sequence which can 
provides a selectable phenotype for a range of different host cells, such as cells from different 
micro-organism groups. 

The choice of combination of a micro-organism groups and host cells transformed by 
the shuttle vector is not particularly limited, provided that one of the micro-organism groups 
can be used in cloning and the other has ML-236B producing ability. Such combination can 
be, for example, a combination of a bacterium and filamentous fungi, a combination of yeast 
and filamentous fungi, with a combination of a bacterium and filamentous fungi being 
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preferred. The choice of bacterium is not particularly limited as long as it can be generally 
used in biotechnology, such as for example Escherichia coli. Bacillus suhtilis or the like. 
Escherichia coli is preferred, and Escherichia coli XL 1 -Blue MR is more preferred. 
Similarly there is no restriction on yeast species as long as it can be generally used in 
biotechnology, such as for example. Saccharomyces cerevisiae or the like. Examples of 
filamentous fungi include ML-236B producing micro-organisms described above. Other 
suitable examples of micro-organisms are known in the art. 

In the present invention, the micro-organism group can be selected from bacteria, 
filamentous fungi and yeast. 

Examples of the above-mentioned shuttle vector include a cosmid vector having a 
suitable marker gene for selecting a phenotype and a cos site. Other suitable vectors are 
known in the art. The preferred vector is pSAKcosl . constructed by inserting a cos site from 
cosmid vector pWE15 (manufactured by STRATAGENE) into piasmid pSAK333. which 
comprises the sequence of Escherichia coli hygromycin B phosphotransferase gene [described 
in Japanese Patent Application Publication No.3-262486]. A method for constructing 
pSAKcosl is shown in Figure 1 . The present invention is not limited to this vector. 

A genomic DNA library can be prepared by introducing a shuttle vector into a host 
cell, the vector containing a genomic DNA fragment from an ML-236B producing micro- 
organism. The host cell to be used is preferably Escherichia coli. more preferably 
Escherichia coli XLl-Blue MR. When the host cell is Escherichia coli. introduction can be 
performed by in vitro packaging. In the present invention, transformation also covers the 
introduction of foreign DNA by in vitro packaging, and a transformed cell also covers a cell to 
which foreign DNA is introduced by in vitro packaging. 

A genomic library can be screened to identify a desired clone using an antibody or a 
nucleic acid probe, with a nucleic acid probe being preferred. Preferably the nucleic acid 
probe is prepared based on the nucleotide sequence of a gene or DNA related to polyketide 
biosynthesis, preferably being a sequence derived from a filamentous fungus. The choice of 
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particular gene is not limited, as long as it is involved in biosynthesis of polyketides and the 
nucleotide sequence thereof is known. Examples of such genes include the Aflatoxin PKS 
gene of Aspergillus flavus and Aspergillus parasiticus, the Sterigmatocystin PKS gene of 
Aspergillus nidulans or the like. 

Suitable nucleic acid probes can be obtained, for example, by synthesizing an 
oligonucleotide probe comprising part of a known genomic DNA sequence as described 
above, or by preparing oligonucleotide primers and amplifying the target DNA using the 
polymerase chain reaction [hereinafter referred to as "PCR". described in Saiki. R. K.. et al. 
Science. 239. 487 (1988)] and genomic DNA as a template, or by RT-PCR using mRNA as a 
template. Other suitable methods for obtaining such probes are well known in the art. 

A nucleic acid probe can be obtained from a ML-236B producing micro-organism 
using, for example. PCR or RT-PCR. Design of the primers used for PCR or RT-PCR 
(hereinafter referred to as "primer for PCR") is preferably carried out based on the nucleotide 
sequence of a gene related to polyketide biosynthesis for which the nucleotide sequence is 
known. Preferably the gene is the aflatoxin PKS gene of Aspergillus flavus. Aspergillus 
parasiticus, or the Sterigmatocystin PKS gene of Aspergillus nidulans. 

The primer for PCR are suitably designed to comprise nucleotide sequences which 
encode amino acid sequences that are highly conserved within PKS genes. Methods to 
identify nucleotide sequences corresponding to a given amino acid sequence include 
deduction on the basis of the codon usage of the host cell, and methods of making mixed 
oligonucleotide sequences using multiple codons (hereinafter referred to as a 'degenerate 
oligonucleotides'). In the latter case, the multiplicity of oligonucleotides can be reduced by 
introducing hypoxanthine to their nucleotide sequences. 

Primer for PCR may comprise a nucleotide sequence designed to anneal with a 
template chain, the primer being joined to an additional 5' sequence. The choice of such an 
additional 5' nucleotide sequence is not particularly limited, as long as the primer can be used 
for PCR or RT-PCR. Such an additional 5' sequence can be, for example, a nucleotide 
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sequence convenient for the cloning operation of a PCR product. Such a nucleotide sequence 
can be, for example, a restriction enzyme cleavage site or a nucleotide sequence containing a 
restriction enzyme cleavage site. 

Furthermore, in designing of the primer for PCR. it is preferred that the sum of the 
number of guanine (G) and the number of cytosine (C) bases is 40 to 60 % of the total number 
of bases. Furthermore, preferably there is little or no self-anneal ling for a given primer and. 
in the case of a pair of primers, preferably little or no annealing between the primers. 

The number of nucleotides making up the primer for PCR is not particularly limited, 
as long as it can be used for PCR. The lower limit of the number is generally 1 0 to 1 4 
nucleotides, with the upper limit 40 to 60 nucleotides. Preferably, primers are 14 to 40 
oligonucleotides in length. 

The primer for PCR is preferably DNA. Nucleosides in the primer can be deoxy 
adenosine, deoxy cytidine. deoxy thymidine, and deoxy guanosine. and additionally deoxy 
inosine. The 5'-position of the nucleoside at the 5'-end of the primer for PCR is suitably a 
hydroxyl group or a hydroxy group to which one phosphoric acid is bonded by an ester link. 

Synthesis of primer for PCR can be performed by methods generally used for 
synthesis of nucleic acids, for example, the phosphoamidite method. An automated DNA 
synthesizer can be preferably used in such a method. 

Genomic DNA and mRNA from an ML-236B producing micro-organism can be 
used as a template for PCR or RT-PCR respectively. Total RNA can also be used as a 
template for RT-PCR instead of mRNA. 

The PCR product or RT-PCR product can be cloned by incorporation into a suitable 
DNA vector. The choice of DNA vector used for the cloning step is not generally limited. 
Kits for the easy cloning of PCR and RT-PCR products are commercially available. By way 
of example, the Original TA Cloning Kit (manufactured by Invitrogen: using pCR2.1 as DNA 
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vector) is suitable for such cloning. 

In order to obtain a cloned PCR product, transformed host cells containing plasmids 
comprising the desired PCR product are cultured, and then the plasmids extracted from the 
cells and purified. The inserted DNA fragment is then recovered from the resulting plasmid. 

Culturing of the transformed host cells is suitably performed under conditions 
appropriate for the host cells. A preferred host cell. Escherichia coli. can be cultured in LB 
medium [l%(w/v) trypton. 0.5% (w/v) yeast extract. 0.5% (w/v) sodium chloride] at 30 to 
37°C for 18 hours to two days with shaking. 

Preparation of plasmids from a culture of the transformed host cells can be performed 
by recovering the host cells and isolating plasmids free from other cellular components such 
as genomic DNA or host protein. Preparation of plasmid DNA from a culture of Escherichia 
coli can be performed according to the alkaline method of Maniatis [described in Maniatis. T.. 
et al, Molecular cloning, a laboratory manual. 2nd ed.. Cold Spring Harbor Laboratory. Cold 
Spring Harbor, N.Y. (1989)]. Kits for obtaining a plasmid having higher purity are 
commercially available. The Plasmid Mini Kit [manufactured by QIAGEN AG] is preferred. 
Furthermore, a kit for mass-production of a plasmid is commercially available. The Plasmid 
Maxi Kit (manufactured by QIAGEN AG) is preferred. 

The concentration of the resulting plasmid DNA can be determined by measuring 
absorbance at a wavelength of 260 nm after adequate dilution of DNA sample, and calculating 
on the basis that a solution with an absorbance OD 26 o of 1 contains 50 ug/ml DNA (described 
in Maniatis, T.. et al.. supra). 

Purity of DNA can be calculated from a ratio of absorbance at a wavelength of 280 
and 260 nm (described in Maniatis. T.. et al, supra). 

Methods for labeling of nucleic acid probes can be generally classified as 
radiolabeling and non-radiolabeling. The choice of radionucleotide for radio-labeling is not 
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generally limited, and can be, for example. j2 P. J 'S. ,4 C or the like. The use of j2 P in labeling 
is preferred. The choice of agent for non-radiolabeling is also not generally limited, so long 
as it may be generally used for labeling nucleic acid, and can be. for example, digoxgenin. 
biotin. or the like, with digoxigenin preferred. 

Methods for the labeling of nucleic acid probe are also not generally limited. 
Preferred are commonly used methods, such as. for example, methods incorporating the label 
into the product by PCR or RT-PCR using labeled nucleotide substrates, nick translation, use 
of random primers, terminal labeling, and methods for synthesizing oligonucleotide DNA 
using labeled nucleotide substrates. A suitable method can be selected from these methods 
depending on the kind of nucleic acid probe. 

The presence in the genome of a ML-236B producing micro-organism of a nucleotide 
sequence that is the same as the nucleotide sequence of a particular nucleic acid probe can be 
confirmed by Southern blot hybridization with the genomic DNA of said ML-236B producing 
micro-organism. 

Southern blot hybridization can be performed according to the method of Maniatis 
[described in Maniatis. T.. et al.. supra], 

A labeled nucleic acid probe, prepared as described above, can be used to screen a 
genomic DNA library. The choice of screening method is not particularly limited, as long as 
it is generally appropriate for gene cloning, but it is preferably the colony hybridization 
method [described in Maniatis. T.. et al., supra]. 

Culturing of the colonies used for colony hybridization is suitably performed under 
conditions appropriate for the host cells. Culturing of Escherichia coli. a preferred host, can 
be performed by incubation in LB agar medium [l%(w/v) trypton, 0.5% (w/v) yeast extract, 
0.5% (w/v) sodium chloride, 1.5 % (w/v) agarose] at 30 to 37°C for 18 hours to two days. 

Preparation of recombinant DNA vector from the positive clone obtained by colony 
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hybridization is generally performed by extracting the plasmid from the culture of the positive 
clone and purifying it. 

A transformed Escherichia coli strain. Escherichia coli pML48 SANK71 1 99 
representing a positive clone obtained according to the present invention, was deposited at the 
Research Institute of Life Science and Technology of the Agency of Industrial Science and 
Technology on July 7. 1999. in accordance with the Budapest Treaty on the Deposition of 
Micro-organisms, and was accorded the accession number FERM BP-6780. 

A typical DNA vector carried by Escherichia coli pML48 SANK711 99 was 
designated as pML48. 

Confirmation that the recombinant DNA vector present in the positive clone contains 
ML-236B biosynthesis-related genomic DNA can be suitably assessed by determining the 
nucleotide sequence of the recombinant DNA vector insert. Southern blot hybridization or 
expression of the insert to determine function. 

The nucleotide sequence of DNA can be determined according to the Maxam and 
Gilbert chemical modification technique [described in Maxam. A. M. M. and Gilbert. W., 
Methods in Enzymology, 65. 499 (1980)] or the dideoxy chain termination method [described 
in Messing, J. and Vieira. J.. Gene. 19. 269 (1982)]. Other suitable methods are well known 
in the art. Plasmid DNA used for determination of nucleotide sequence is preferably a high 
purity sample, as described above. 


The nucleotide sequence of the pML48 insert is shown in SEQ ID No. 1 of the 
Sequence Listing. The nucleotide sequence shown in SEQ ID No. 2 of the Sequence Listing 
is completely complementary to the nucleotide sequence shown in SEQ ID No. 1 . Generally, 
a nucleotide sequence of a genomic DNA can have genetic polymorphisms within a species, 
that is, allogenic differences. Furthermore, in the process of DNA cloning and sequencing, it 
is known that nucleotide substitutions, or other alterations, can occur at a certain frequency. 
Accordingly, the ML-236B biosynthesis-related genomic DNA of the present invention also 
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includes genomic and other DNAs that can be hybridized to DNA of nucleotide No. 1 to 
34203 of SEQ ID No. 1 or 2 of the Sequence Listing. Preferred are genomic or other DNAs 
that can be hybridized under stringent condition to DNA of nucleotide No. 1 to 34203 of SEQ 
ID No. 1 or 2 of the Sequence Listing. These DNAs include the DNA of nucleotide No. 1 to 
34203 of SEQ ID No. 1 or 2 of the Sequence Listing, wherein one or more nucleotides are 
substituted, deleted and/or added. Additionally these hybridizing genomic or other DNAs car 
include DNA originating from ML-236B producing micro-organisms other than Penicillium 
cithnum SANK 13380. preferably being those capable of improving the production of ML- 
236B when introduced into an ML-236B producing micro-organism. 

ML-236B biosynthesis related genomic DNA is suitably analyzed in accordance with 
the following methods 1) to 3). 

1 ) Analysis with gene analyzing software 

Genes within genomic DNA can be located using a program for finding genes 
(hereinafter referred to as "GRAIL"), and a program for searching homologous sequences 
(BLASTN and BLASTX). 

GRAIL is a program which searches for structural genes in genomic DNA by 
separating the genomic sequence into seven parameters for evaluation of the appearance of a 
gene sequence, and integration of the results using a neural net method [described in 
Uberbacher, E.C. & Mural, R.J.. Proc. Natl. Acad. Sci. USA.. 88, 1 1261 (1991)]. By way of 
example, the ApoCom GRAIL Toolkit [produced by Apocom corporation] can be used. 

BLAST is a program using an algorithm for performing homology searches of 
nucleotide sequences and amino acid sequences [described in Altschul, S.F., Madden, T. L., et 
al, Nucl. Acids Res., 25, 3389 (1997)]. 

The position and direction of a structural gene on a sample genomic DNA sequence 
can be predicted by dividing the DNA sequence into suitable lengths and performing a 
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homology search of a genetic data base using BLASTN. The position and direction of 
structural gene on a DNA sequence to be tested can also be predicted by translating the 
divided genomic DNA sequences into the six translation frames (three on the sense strand and 
the other three on the antisense strand) and performing a homology search of the derived 
amino acid sequences in a peptide data base using BLASTX. 

Coding regions for structural genes in genomic DNA are sometimes split with 
introns in eukaryotic organisms. For analysis of structural genes having such gaps, the 
BLAST program for sequences containing gaps is more effective, with Gapped-BLAST 
program (installed in BLAST2: WISCONSIN GCG package ver. 10.0) being preferred. 

2) Analysis according to Northern blot hybridization method 

Expression of a structural gene predicted by the analysis methods described in 
paragraph 1) can be studied using the Northern blot hybridization method. 

Suitably, total RNA from a ML-236B producing micro-organism is obtained from a 
culture of the micro-organism. A culture of the preferred ML-236B producing micro- 
organism Penicillium citrinum can be obtained by inoculating said micro-organism from a 
slant into MGB3-8 medium, followed by incubation with shaking, incubating at 22 to 28 °C 
for one to four days. 

The choice of method of extraction of RNA from an ML-236B producing micro- 
organism is not limited, and preferred is the guanidine thiocyanate-hot phenol method, 
guanidine thiocyanate-guanidine hydrochloric acid method or the like. Examples of a 
commercially available kit for preparing higher purity total RNA include RNeasy Plant Mini 
Kit (manufactured by Qiagen AG). Furthermore. mRNA can be obtained by applying total 
RNA to an oligo (dT) column, and recovering the fraction adsorbed in the column. 

Transfer of RNA to a membrane, preparation of a probe, hybridization and detection 
of a signal can be performed in a similar manner to the above mentioned Southern blot 
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hybridization method. 

3) Analysis of 5'-end and 3'-end of transcript. 

Analysis of the 5'-end and 3'-end of each transcript can be performed according to 
the 'RACE* (rapid amplification of cDNA ends) method. RACE is a method for obtaining a 
cDNA comprising a known nucleotide region and an unknown region at the 5 '-end or 3'-end 
of a gene, using RT-PCR with mRNA as a template [described in Frohman. M. A.. Methods 
EnzymoL 218. 340(1998)]. 

5'-RACE can be performed according to the following method. The first strand of a 
cDNA is synthesized according to a reverse transcriptase reaction using mRNA as a template. 
As a primer, antisense oligonucleotides (1 ) are used which are designed to a known part of a 
nucleotide sequence. A homopolymeric nucleotide chain (consisting of one kind of base) is 
added to the 3'-end of the first strand of the cDNA using terminal deoxynucleotidyl 
transferase. Then, double stranded cDNA in 5'-end region is amplified by PCR using the first 
strand of the cDNA as a template. For amplification. 2 primers are used; a DNA 
oligonucleotide from the sense strand containing a sequence complementary to the 
homopolymeric sequence, and an oligonucleotide (2) on the antisense strand and on the 3'-end 
side of the oligonucleotide DNA (3) [described in Frohman. M.A.. Methods in EnzymoL, 218, 
340 (1993]. A kit for 5' RACE is commercially available, suitably the 5' RACE System for 
Rapid Amplification of cDNA ends. Version 2.0 (manufactured by GIBCO corporation). 

y RACE is a method using the polyA region existing at the 3'-end of mRNA. 
Specifically, the first strand of cDNA is synthesized through a reverse transcriptase reaction 
using mRNA as a template and an oligo d(T) adapter as a primer. Then, double stranded 
cDNA in 3'-end region is amplified by PCR using the first strand of the cDNA as a template. 
As primers, a DNA oligonucleotide (3) on the sense strand designed to a known part of the 
nucleotide sequence of the sense strand, and the oligo d(T) adapter on the antisense strand are 
used. A kit for 3' RACE is commercially available, suitably the Ready-To-Go T-primed 
First-Strand Kit (Phramacia corporation). 
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The results of analysis 1) and 2) above are preferably used in the RACE procedure, 
in the design of the primers based upon a known part of the nucleotide sequence of interest. 

Using the methods of the analysis described in 1) to 3) above, the direction of a 
structural gene on a genomic DNA sequence, the location of transcription initiation site in the 
structural gene, the position of the translation initiation codon. and translation termination 
codon and position thereof can be deduced. Based on the above information, each structural 
gene, and cDNA thereof, namely. ML-236B biosynthesis accelerating cDNAs can be obtained. 

Six structural genes are assumed to be present on the incorporated sequence in a 
recombinant DNA vector pML48 obtained according to the present invention. They are 
named mlcA mlcB. mlcC. mlcD. mlcE. and mlcR. respectively. Among them. mlcA mlcB. 
mlcE and mlcR are assumed to have a coding region on the nucleotide sequence shown in 
SEQ ID No. 2 of the Sequence Listing. mlcC and mlcD are assumed to have a coding region 
on the nucleotide sequence shown in SEQ ID No. 1 of the Sequence Listing. 

Examples of a method for obtaining the specific ML-236B biosynthesis accelerating 
cDNAs corresponding to the above-mentioned structural genes include: cloning with RT-PCR 
using primers designed to the sequence of each of the structural genes and flanking DNA 
thereof and cloning from a cDNA library using appropriate DNA probes designed to known 
nucleotide sequences. Other suitable methods are well known in the art. In order to express 
functionally the cDNA obtained according to these methods, it is preferable to obtain a full 
length cDNA. 

A method for obtaining ML-236B biosynthesis accelerating cDNA using RT-PCR is 
explained below. 

A pair of primers for RT-PCR and for obtaining ML-236B biosynthesis accelerating 
cDNA needs to be designed so that it selectively anneals with each template chain, to allow 
cDNA to be obtained. However, it is not essential that the primers for RT-PCR are 
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completely complementary to a part of each template chain, provided that they satisfy the 
condition described above. Suitable primers for RT-PCR that can anneal with the anti sense 
chain (hereinafter referred to as "sense primer") are sense primers that are completely 
complementary to a part of the antisense chain (hereinafter referred to as "unsubstituted sense 
primer *) or sense primers that are not completely complementary to a part of the antisense 
chain (hereinafter referred to as "partially substituted sense primer"). The other suitable 
primers for RT-PCR that can anneal with the sense chain (hereinafter referred to as "antisense 
primer*'') are antisense primers that are completely complementary to a part of the sense chain 
(hereinafter referred to as ''unsubstituted antisense primer") or antisense primers that are not 
completely complementary to a part of the sense chain (hereinafter referred to as "partially 
substituted antisense primer"). 

A sense primer is suitably designed so that the RT-PCR product obtained using it 
contains the codon ATG at the original position of translation initiation. Suitably the RT- 
PCR product also only contains the correct translation termination codon in the reading frame 
having the original ATG start site, and no additional (spurious) translational stop sites. The 
position of the translation initiation codon of those structural genes predicted in the present 
invention is shown in Table 5 for genes located in SEQ ID No. 1 and SEQ ID No. 2 of the 
Sequence Listing. 

The 5'-end of the unsubstituted sense primer is suitably the nucleotide *A* of the 
translation initiation codon ATG. or a base existing on the 5'-end side thereof. 

A partially substituted sense primer selectively anneals with a specific region in SEQ 
ID No. I or SEQ ID No. 2 of the Sequence Listing, the nucleotide sequence of SEQ ID No. 2 
of the Sequence Listing being completely complementary to SEQ ID No. 1 of the Sequence 
Listing. 

When a partially substituted sense primer contains a nucleotide sequence present on 
the 3'- side of the translation initiation codon ATG, it suitably does not contain nucleotide 
sequences in this region that are termination codons (TAA, TAG or TGA) in the same reading 
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frame as the ATG. 

A partially substituted sense primer may contain nucleotide "A", nucleotide 
sequence "AT" or "ATG" (hereinafter referred to as "nucleotide or nucleotide sequence m*) 
which correspond to nucleotide "A" . nucleotide sequence "AT" or "ATG" of the translation 
initiation codon (hereinafter referred to as '"nucleotide or nucleotide sequence m). Where the 
nucleotide m* is "A", corresponding to the "A" of sequence "m", we prefer that the m* "A" is 
located at 3 '-end of the partially substituted sense primer. Similarly, where m* is "AT", we 
prefer that this m" "AT" sequence is located at 3 '-end of the partially substituted sense primer. 
When the nucleotide or nucleotide sequence m is "ATG". corresponding to the m" "ATG". we 
prefer that those trinucleotides which are 3' to the ATG in the primer are not stop codons. In 
other words, for trinucleotides whose 5*-end nucleotide is the (3 x n +1 )th nucleotide (n 
represents an integer of one or more) counted from A of the m* "ATG" in the direction of the 
3'-end, the nucleotide sequence of the trinucleotide is preferably neither TAA. TAG nor TGA. 
Primers described above can be used to obtain cDNA having a methionine codon at the 
position corresponding to the translational initiation codon of mRNA used as an RT-PCT 
template. 

Where the 3 '-end of a partially substituted sense primer is nucleotide position (3 x n 
+ 1 ), preferably the trinucleotide which begins at this position is not TAA, TAG or TGA in the 
RT-PCR product obtained using the partially substituted sense primer as one of the primers, 
and RNA or mRNA of the ML-236B producing micro-organism as a template, or in the PCR 
products obtained by using genomic DNA or cDNA as a template. The nucleotide position is 
counted from the 'A' of the translation initiation codon "ATG" in the direction of 3 '-end, and 
where 'n" represents an integer of one or more. 

Where the 3'-end of a partially substituted sense primer is nucleotide position (3 x n 
+ 2), the triplet for which position 3 x n+2 is the central nucleotide is preferably none of the 
sequences TAA, TAG or TGA for a PCR or RT-PCR product obtained as above. 

Where the 3 '-end of a partially substituted sense primer is nucleotide position (3 x n+ 
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3). the triplet for which position (3 x n+ 3) is the 3' nucleotide is preferably none of the 
sequences TAA. TAG or TGA. 

The requirements for the sense primer are as discussed above. 

An antisense primer is designed so that, when paired together with the sense primer. 
cDNA encoding each of structural genes (mlcA. mlcB. mlcC. mlcD. mlcE and mlcR) can be 
amplified using RT-PCR in a direction equivalent to the N-terminus to C-terminus of the 
corresponding peptides. 

The choice of unsubstituted antisense primer is not limited, as long as it is an 
antisense primer having a nucleotide sequence complementary to a nucleotide sequence 
located in the region of the translational termination site of the cDNA. However, a primer 
having a 5'-end base which is complementary to the base at 3'-end of translation termination 
codon. or having a base on the 5'-end side of said primer base, is preferred. A primer 
containing three bases complementary to a translation termination codon is more preferred. 
Tables 8 to 10 show the translation termination codon of each structural gene, the sequence 
complementary to the translation termination codon. an amino acid residue at C-terminal of 
the peptide encoded by each structural gene, the nucleotide sequence encoding the amino acid 
residue, and position thereof in SEQ ID No. 1 or SEQ ID No. 2. 

Partially substituted antisense primers selectively anneal with a specific region in the 
nucleotide sequence of SEQ ID No. 1 or SEQ ID No. 2 of the Sequence Listing. 

The above are requirements for an antisense primer. 

It is possible to add suitable nucleotide sequences to the 5'-end of the partially 
substituted sense primers and the partially substituted antisense primers, as long as the above- 
mentioned requirements are satisfied. The choice of such a nucleotide sequence is not 
particularly limited, as long as the primer can be used for PCR. Examples of suitable 
sequences include nucleotide sequences convenient for the cloning of PCR products, such as 
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restriction enzyme cleavage sites and nucleotide sequence containing suitable restriction 
enzyme cleavage sites. 

In addition- the sense primer and the antisense primer are suitably designed according 
to the above description and in accordance with the general design of primer for PCR. 

As described above. mRNA or total RNA from a ML-236B producing micro- 
organism may be used as a template for RT-PCR. In the present invention an ML-236B 
biosynthesis-accelerating cDNA corresponding to the structural gene mlcE was obtained by 
designing and synthesizing a pair of primers suitable to amplify all of coding region of the 
structural gene mlcE in the pML48 insert sequence and then performing RT-PCR using total 
RNA of SANK13380 as a template [primers represented by nucleotide sequences SEQ ID 
Nos. 35 and 36 of the Sequence Listing respectively]. 

An ML-236B biosynthesis-accelerating cDNA corresponding to the structural gene 
mlcR was obtained in a similar way using primers represented by nucleotide sequences SEQ 
ID Nos. 39 and 40 of the Sequence Listing respectively. 

As described above, the RT-PCR product can be cloned by incorporation into a 
suitable DNA vector. The choice of DNA vector used for such cloning is not limited, and is 
suitably a DNA vector generally used for cloning of DNA fragments. Kits for easily 
performing cloning of an RT-PCR product are commercially available, and the Original TA 
Cloning Kit [manufactured by Invitrogen: using pCR2.1 as DNA vector] is preferred. 

Confirmation of functional expression of the ML-236B biosynthesis accelerating 
cDNAs obtained using the above methods in an ML-236B producing micro-organism can be 
obtained by cloning the cDNA into a DNA vector suitable for functional expression in an ML- 
236B producing micro-organism. Suitable cells are then transformed with the recombinant 
DNA vector, and the ML-236B biosynthesis ability of the transformed cells and non 
transformed host cells compared. If ML-236B biosynthesis accelerating cDNA is 
functionally expressed in the transformed cell, then the ML-236B biosynthesis ability of the 
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Transformed cell is improved compared with that of a host cell. 

The choice of DNA vector suitable for expression in an ML-236B producing micro- 
organism [hereinafter referred to as a functional expression vector] is not particularly limited, 
as long as it can be used to transform the ML-236B producing micro-organism and can 
functionally express the polypeptide encoded by the ML-236B biosynthesis accelerating 
cDNA in that organism. Preferably the vector is stable in the host cell, and has a nucleotide 
sequence which allows replication in the host cell. 

The vector for functional expression can contain one or more than one of ML-236B 
biosynthesis accelerating cDNAs. for example cDNAs corresponding to the structural genes 
mlcE and/or mlcR. 

A vector for functional expression may contain one or more than one kind of DNA. 
other than cDNA corresponding to the structural genes mlcE and/or m/cR. that accelerate 
biosynthesis of ML-236B when introduced into ML-236B producing micro-organism. 
Examples of such DNA include: cDNAs corresponding to structural genes mlcA. m/cB. mlcC, 
or mlcD. ML-236B biosynthesis related genomic DNA. DNA encoding expression regulatory 
factors of ML-236B biosynthesis accelerating cDNA of the present invention, or the like. 

A vector for functional expression preferably comprises a nucleotide sequence 
providing a selective phenotype for the plasmid in a host cell, and is preferably a shuttle 
vector. 

Furthermore, the selective phenotype may be a drug resistance phenotype or the like, 
is preferably antibiotic resistance, and more preferably resistance to ampicillin or resistance to 
hygromycin B. 

In the case that the expression vector is a shuttle vector, the vector suitably 
comprises a nucleotide sequence which allows the vector to replicate in a host cell of one of 
the micro-organism groups, and a nucleotide sequence necessary for the expression of 
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polypeptide encoded by the vector insert in another host cell type. It is preferable that the 
vector affords a different selective phenotype for each host cell of the different micro- 
organism groups transformed. The requirements for combinations of micro-organism grou 
is similar to the requirement for the shuttle vector used for cloning and expression of ML- 
236B biosynthesis related genomic DNA described in the present specification. 

In the present invention, a suitable shuttle vector DNA vector is pSAK700. 
constructed by combining the 3-phosphoglycerate kinase (hereinafter referred to as "pgk") 
promoter originating from Aspergillus nidulans existing in the DNA vector pSAK333 
(described in Japanese Patent Application Publication No.3-262486). an adapter for 
incorporating a foreign gene, and pgk terminator existing in the DNA. in this order (see Fig 
4). 


A polypeptide can be expressed in an ML-236B producing micro-organism by 
incorporating the cDNA corresponding to the strutural gene mlcE. described above, into the 
expression vector described above. In the present invention, a recombinant cDNA expression 
vector pSAKexpE has been obtained by incorporating cDNA corresponding to the strutural 
gene mlcE into an adopter site of pSAK700. The incorporated sequence in pSAKexpE. 
namely the nucleotide sequence of cDNA corresponding to the strutural gene mlcE is shown 
in SEQ ID No. 37 of the Sequence Listing. Similarly a recombinant cDNA expression vector 
pSAKexpR has been obtained by incorporating cDNA corresponding to the strutural gene 
w/cR into an adapter site of pSAK700. The incorporated sequence in pSAKexpR. namely the 
nucleotide sequence of cDNA corresponding to the strutural gene mlcR is shown in SEQ ID 
No. 41 of the Sequence Listing. 

Escherichia coli pSAKexpE SANK 72499 that is Escherichia coli strain transformed 
by pSAKexpE was deposited at the Research Institute of Life Science and Technology of the 
Agency of Industrial Science and Technology on January 25, 2000 under the Deposit Nos 
FERM BP-7005, in accordance with the Budapest Treaty on the Deposition of Micro- 
organisms. Escherichia coli pSAKexpR SANK 72599 that is Escherichia coli strain 
transformed by pSAKexpR was deposited at the Research Institute of Life Science and 


32 

Technology of the Agency of Industrial Science and Technology on January 25. 2000 under 
the Deposit Nos FERM BP-7006. in accordance with the Budapest Treaty on the Deposition 
of Micro-organisms. 

Suitable methods of transformation can be appropriately selected, depending on the 
host cell, to obtain expression of ML-236B biosynthesis accelerating cDNA. ML-236B 
biosynthesis related genomic DNA or fragments thereof. Transformation of Penicillium 
citrinum, a preferred ML-236B producing micro-organism, can be performed by preparing 
protoplasts from spores of Penicillium citrinum, then introducing recombinant DNA vector 
into the protoplast [described in Nara. R. et al, Curr. Genet. 23. 28 (1993)]. 

Suitably spores from a slant of culture of Penicillium citrinum are inoculated on a 
plate of PGA agar medium and incubated at 22 to 28 °C. for 1 0 to 1 4 days. The spores are 
then harvested from the plate and 1 x 10 7 - 1 x 10 9 spores inoculated into 50 to 100 ml of 
YPL-20 culture medium [composition: 0.1% (w/v) yeast extract (manufactured by Difco 
corporation). 0.5 % (w/v) polypeptone (manufactured by Nihon Seiyaku corporation). 20 % 
(w/v) of lactose, pH5.0], then incubated at 22 to 28 °C for 18 hours to two days. The 
germinating spores are recovered from the culture, and treated with cell wall degrading 
enzymes to yield protoplasts. The choice of cell wall degrading enzyme is not particularly 
limited, as long as it can degrade the cell wall of Penicillium citrinum and does not have a 
harmful effect on the micro-organism. Example thereof include: zymoiyase, chitinase or the 
like. 

Mixing of a recombinant DNA vector comprising an ML-236B biosynthesis 
accelerating cDNA and ML-236B producing micro-organism, or the protoplast thereof, under 
suitable conditions allows introduction of the recombinant DNA vector into said protoplast, to 
provide a transformant. 

Culturing of transformants of ML-236B producing micro-organism is suitably 
performed under conditions suitable for each of the host-cell. Culturing of a transformant of 
Penicillium citrinum, a preferred ML-236B producing micro-organism, can be performed by 
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culturing the previous transformed protoplast under conditions appropriate to regenerate a cell 
wall, and then culturing. Namely, the transformed protoplast of Penicillium citrinum may be 
introduced into VGS middle layer agar medium [composition: Vogel minimum medium. 2 
%(w/v) glucose. 1M glucitol. 2 %(w/v) agar], the VGS middle layer agar then sandwiched 
between VGS lower layer agar medium [composition: Vogel minimum medium. 2 %(w/v) 
glucose, 1M glucitol. 2.7 %(w/v) agar] and VGS upper layer agar medium [composition: 
Vogel minimum medium. 2 %(w/v) glucose. 1M glucitol. 1.5 %(w/v) agar] containing 800 
ug/ml hygromycin B. then incubated at 22 to 28°C for 7 to 1 5 days. The resultant strain is 
subcultured with incubation at 22 to 28°C on PGA medium. The strain is inoculated with a 
platinum needle to a slant prepared of PGA medium, incubated at 22 to 28°C for 10 to 14 
days, and then reserved at 0 to 4°C. 

As described above. ML-236B can be efficiently produced by inoculating a 
Penicillium citrinum transformant obtained from a slant as above, and hav ing a regenerated 
cell wall, into MBG 3-8 medium, followed by incubation at 22 to 28°C for 7 to 1 2 days with 
shaking. Penicillium citrinum as a host can be cultured in liquid medium as well to produce 
ML-236B. 

Purification of ML-236B from culture of a transformant of ML-236B producing 
micro-organism can be performed by combining various methods generally used for 
purification of natural products. The choice of such methods is not particularly limited, and 
can be, for example, by centrifugation. separation of solids and liquids by filtration, treatment 
with alkali or acid, extraction with organic solvents, dissolution, chromatography methods 
such as adsorption chromatography, partition chromatography or the like, and crystallization 
or the like. ML-236B can be in either hydroxy acid or lactone form, which may be 
reciprocally converted. The hydroxy acid is convertible to a salt thereof that is more stable. 
Using such physical properties, the ML-236B hydroxy acid form (hereinafter referred to as 
free hydroxy acid), salts of ML-236B hydroxy acid (hereinafter referred to as a salt of hydroxy 
acid), or the ML236B lactone form (hereinafter referred to as lactone) can be obtained. 


The culture is subjected to alkaline hydrolysis at raised temperature or room 
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temperature for ring opening and conversion to a salt of hydroxy acid, and then the reaction 
solution is acidified, followed by filtration. The filtrate is extracted with an organic solvent 
that separates from water to provide an intended product as a free hydroxy acid. The choice 
of organic solvent is not particularly limited. Examples thereof include: aliphatic 
hydrocarbons such as hexane. heptane or the like: aromatic hydrocarbons such as benzene, 
toluene or the like; halogenated hydrocarbons such as methylene chloride, chloroform or the 
like: ethers such as diethyl ether or the like: esters such as ethyl formate, ethyl acetate or the 
like; or a mixture consisting of two or more solvents. 

The intended compound can be obtained as a hydroxy acid salt by dissolving the free 
hydroxy acid in an aqueous solution of an alkaline metal salt such as sodium hydroxide. 

Furthermore, the intended compound can be obtained as lactone through ring closure 
by heating the free hydroxy acid in an organic solvent to be dehydrated, or by other suitable 
methods. 

It is possible to purify and isolate the free hydroxy acid, hydroxy acid or lactone thus 
obtained using column chromatography or the like. The support for the column used in 
chromatography is not particularly limited. Examples thereof include: Sephadex LH-20 
(produced by Pharmacia corporation). Diaion HP-20 (produced by Mitsubishi Kagaku 
corporation), silica gel. reversed phase supports or the like, with supports of the C18 series 
preferred. 

The choice of a method for quantification of ML-236B are not particularly limited, 
preferably being a method generally used for quantification of organic compounds. Examples 
thereof include: reversed phase high performance liquid chromatography (hereinafter referred 
to as "reverse phase HPLC) or the like. Quantification according to the reverse phase HPLC 
can be performed by subjecting a culture of an ML-236B producing micro-organism to 
alkaline hydrolysis, subjecting the soluble fraction to reverse phase HPLC using a CI 8 
column, measuring UV absorption, and converting the absorption value to an amount of ML- 
236B. Choice of C 1 8 column is not particularly limited, preferably being a C 1 8 column used 
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for general reverse phase HPLC. Examples thereof include: SSC-ODS-262 (diameter of 6 
mm. length of 100 mm. manufactured by Senshu Kagaku corporation) or the like. The choice 
of solvent for the moving phase is not particularly limited, so long as it is a solvent generally 
used for reverse phase HPLC. It is. for example. 75%(v/v) methanol - 0. 1 %(v/v) triethyl 
amine - 0. l%(v/v) acetic acid or the like. When ML-236B is added at room temperature to 
an SSC-ODS-262 column, where 75%(v/v) methanol - 0.1%(v/v) triethyl amine -0.1%(v/v) 
acetic acid is used as moving phase at a rate of 2 ml/minute. ML-236B is eluted after 4.0 
minutes. ML-236B can be detected using a UV detector for HPLC. The absorbed wave 
length for UV detection is 220 to 280 nm. preferably 220 to 260 nm. more preferably 236 nm. 

Pharmaceutical compositions are provided containing ML-236B obtained using the 
present invention, together with a pharmaceutical carrier. 

Pharmaceutical compositions are also provided containing pravastatin prepared from 
ML-236B obtained using the present invention, together with a pharmaceutical carrier. 

The pharmaceutical compositions of this invention can be conventional and the same 
as those employed for existing formulations of ML-236B or pravastatin. 

Methods of treatment are also part of this invention and employ the compounds or 
compositions to treat hyperlipemia and other conditions. 

The invention is now illustrated in more detail with reference to the following Figures 
and Examples. The Examples are illustrative of. but not binding upon, the present invention. 

Description of the Figures 

Figure 1 is a diagram depicting the construction of DNA vector pSAKcosl; 

Figure 2 is the results of structural gene analysis of the inserted sequence of pML48; 


36 

Figure 3 shows Northern blot hybridization of the inserted sequence of pML48; 

Figure 4 is a diagram depicting the construction of cDNA expression vector pSAK700: and 

Figure 5 shows RT-PCR analysis for transcription of mk A-E and R in a pSAKexpR 
transformant. 

Figure 6 shows RT-PCR analysis for transcription of mlcE in a pSAKexpE transformant. 

Examples of the Invention 

Example 1: Construction of pSAKcosl vector 

Plasmid pSAK333 containing the hygromycin B phosphotransferase gene (hereinafter 
referred to as "HPT") originating from Escherichia coli (Japanese Patent Application 
Publication No. 3-262486) was digested with restriction enzyme BamHI (manufactured by 
Takara Shuzo Co., Ltd.. Japan), and was treated to form blunt ends with T4DNA polymerase 
(manufactured by Takara Shuzo Co.. Ltd.. Japan). 

The DNA fragment obtained as above was self-ligated into a circular form using DNA 
ligation kit Ver.2 (manufactured by Takara Shuzo Co.. Ltd.. Japan), and competent cells JM 
109 of Escherichia coli (manufactured by Takara Shuzo Co.. Ltd.. Japan) were then 
transformed therewith. A strain having a plasmid in which the BamHI site was deleted was 
selected from the transformed Escherichia coli, and was designated pSAK360. 

pSAK 360 was digested with restriction enzyme PvuII, and then treated with alkaline 
phosphatase to produce a fragment dephosphorylated at 5 '-end. A Sall-Scal fragment (about 
3kb) containing a cos site was obtained from a cosmid vector pWE15 (manufactured by 
STRATAGENE) and was treated to form blunt ends with T4 DNA polymerase. It was 
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subsequently ligated to the PvuII site of pSAK360. JM109 was transformed with this DNA. 
Those strains having a plasmid into which Sall-Scal fragment (about 3kb) was inserted at the 
PvuII site were selected from the transformed Escherichia coli. and the plasmid carried by the 
strain was designated pSAKcosl . pSAKcosl contains a cleavage site for the restriction 
enzymes BamHI. EcoRI and Notl. each site originating from pWEl 5. The pSAKcosl has an 
ampicillin resistance gene and a hygromycin resistance gene as selection markers. 

In the following examples, where Escherichia coli was used as a host, selection of 
pSAKcosl transformants. or transformants of pSAKcosl comprising a foreign gene-insert, 
was performed by adding 40 ug/ml ampicillin (Ampicillin: manufactured by Sigma 
corporation) to the relevant medium. Where Penicillium citrinum SANK 1 3380 was used as 
a host, selection of pSAKcosl transformants. or transformants of pSAKcosl comprising a 
foreign gene-insert, was performed by adding 200 ug/ml hygromycin (Hygromycin B: 
manufactured by Sigma corporation) to the relevant medium. 

The method of construction of pSAKcosl is shown in Fig.l 

Example 2: Preparation of genomic DNA of Penicillium citrinum SANK 13380 

1) Culture of Penicillium citrinum SANK 13380 

A seed culture of Penicillium citrinum SANK 13380 was made on a slant of PGA 
agar medium. Namely, the agar was inoculated with Penicillium citrinum SANK 13380 
using a platinum needle, and kept at 26°C for 1 4 days. The slant was kept at 4°C. 

Main culturing was performed by liquid aeration culture. Cells from a 5 mm square of 
the above-mentioned slant were inoculated in 50 ml of MBG3-8 medium in 500 ml conical 
flask, and incubated at 26°C with shaking at 210 rpm for five days. 


2) Preparation of genomic DNA from Penicillium citrinum SANK 1 3380 
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The culture obtained in step 1) was centrifuged at 10000 x G at room temperature for 
1 0 minutes, and cells were harvested. 3g (wet weight) of cells were broken in a mortar 
cooled with dry ice so as to be in the form of a powder. The broken cells were put in a 
centrifuge tube filled with 20 mi of 62.5mM EDTA-2Na (manufactured by Wako Pure 
Chemical Industries. Ltd.) - 5% (w/v) SDS - 50mM Tris hydrochloric acid (manufactured b> 
Wako Pure Chemical Industries. Ltd.) buffer (pH8.0). and were mixed gently, then allowed to 
stand at 0°C for one hour. 1 0 ml of phenol saturated with 1 0 mM Tris hydrochloric acid - 0. 1 
mM EDTA-2Na (pH 8.0, hereinafter referred to as "TE") were added thereto, and the mix 
stirred gently at 50°C for one hour. 

After centrifugation at room temperature at 10000 x G for 10 minutes. 15 ml of the 
upper layer (water phase) was placed into another centrifuge tube. To the solution were added 
0.5 times by volume of TE saturated phenol and 0.5 times by volume of chloroform solution. 
The mixture was stirred for two minutes and centrifuged at room temperature at 10000 x G for 
10 minutes (hereinafter referred to as "phenol chloroform extraction"). To 10 ml of the upper 
layer (water phase) was added 10 ml of 8M ammonium acetate (pH 7.5) and 25 ml of 2- 
propanol (manufactured by Wako Pure Chemical Industries, Ltd.). followed by cooling at - 
80°C for 15 minutes, and centrifugation at 4 °C at 10000 x G for 10 minutes. 

After precipitation, the precipitates were dissolved in 5 ml of TE. after which 20 uJ of 
10 mg/ml ribonuclease A (manufactured by Sigma corporation) and 250 units of ribonuclease 
Tl (manufactured by GIBCO corporation) were added thereto, followed by incubation at 37°C 
for 20 minutes. 20 ml of 2-propanol was added thereto, and mixed gently. Subsequently, 
threads of genomic DNA were spooled at the tip of a Pasteur pipette, and dissolved in one ml 
ofTE. 

Next, 0.1 times by volume of 3 M sodium acetate (pH6.5) and 2.5 times by volume of 
ethanol were added to the DNA solution. The solution was cooled at - 80°C for 15 minutes, 
and then centrifuged at 4 °C, at 10000 x G for five minutes (herein after referred to as 
"ethanol precipitation"). The resultant precipitate was dissolved in 200 ul of TE, and was a 
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genomic DNA fraction. 

Example 3: Preparation of genomic DNA library of Penicillium citrinum SANK13380 

1) Preparation of genomic DNA fragment 

0.25 units of Sau3AI (Takara Shuzo Co.. Ltd.. Japan) were added to 100 ul of an 
aqueous solution of genomic DNA (50 fig) of Penicillium citrinum SANK 133 80 obtained in 
Example 2. After intervals of 1 0. 30. 60. 90 and 120 seconds. 20 ul samples of the mixture 
were taken, and 0.5 M EDTA (pH 8.0) was added to each sample to terminate the restriction 
enzyme reaction. The resulting partially digested DNA fragments were separated by agarose 
gel electrophoresis, and agarose gel was recovered containing DNA fragments of 30 kb or 
more 

The recovered gel was finely crushed, and placed into Ultra Free C3 Centrifuged 
Filtration Unit (manufactured by Japan Milipore corporation). The gel was cooled at -80°C 
for 15 minutes until frozen, and then the gel was melted by incubating it at 37°C for 10 
minutes. It was centrifuged at 5000 x G for 5 minutes, to extract DNA. The DNA was 
subjected to phenol - chloroform extraction and ethanol precipitation. The resulting 
precipitates were dissolved in a small, appropriate amount of TE. 

2) Pretreatment of DNA vector pSAKcosl 

pSAKcosl was digested with restriction enzyme BamHI (Takara Shuzo Co., Ltd.. 
Japan), and then subjected to alkaline phosphatase (Takara Shuzo Co., Ltd.. Japan) treated at 
65°C for 30 minutes. The resultant reaction solution was subjected to phenol - chloroform 
extraction and ethanol precipitation. The resulting precipitation was dissolved in a small 
amount of TE. 


3) Ligation and in vitro packaging 
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The genomic DNA fragment (2 fig) described in the above step 1 ) and pSAKcosl (1 
ug) subjected to pretreatment as above were mixed, and then ligated at 16°C for 16 hours 
using DNA ligation kit Ver.2 (Takara Shuzo Co.. Ltd.. Japan). The resultant reaction solution 
was subjected to phenol - chloroform extraction and ethanol precipitation. The resulting 
precipitates were dissolved in 5 ul of TE. The ligation product solution was subjected to in 
vitro packaging using the GIGAPAK II Gold kit (manufactured by STRATAGENE 
corporation) to provide Escherichia coli transformants containing a recombinant DNA vector. 
3 ml of LB medium were poured onto a plate on which colonies of Escherichia coli 
transformant had formed, and then the colonies on the plate were recovered using a cell 
scraper (referred to as "recovered solution 1 "). The plate was washed with a further 3 ml of 
LB medium, and cells recovered (referred to as "recovered solution 2"). Glycerol was added 
to a mixture of recovered solution 1 and 2. to achieve a final concentration of 18 % (referred 
to as Escherichia coli cell solution), which was kept at - 80°C as a genomic DNA library of 
Pemcillium citrinum SANK 13380. 

Example 4: Amplification of PKS gene fragment by PCR using genomic DNA of 
Penicillium citrinum SANK13380 as a template 

1 ) Design and synthesis of primers for PCR. 

Based on the amino acid sequence of a PKS gene of Aspergillus flavus (described in 
Brown. D.W.. et ai. Proc. Natl. Acad. Sci. USA. 93. 1418 (1996)). degenerate primers shown 
in SEQ ID Nos. 3 and 4 of the Sequence Listing were designed and synthesized. The synthesis 
was performed according to the phosphoamidite method. 

SEQ ID No. 3 of the Sequence Listing: 
gayacngcntgyasttc 

SEQ ID No. 4 of the Sequence Listing: 
tcnccnknrcwgtgncc 
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In the nucleotide sequence of SEQ ID Nos. 3 and 4. n represents inosine 
(hypoxanthine). y represents t or c. s represents g or c. k represents g or t. r represents g or a. 
and w represents a or t. 

2) Amplification of DNA segment by PCR 

50 ul of reaction solution was prepared containing the primers for PCR described in 
the above step 1) (each 100 pmol). genomic DNA of Penicillium cithnum SANK13380 
obtained in Example 2 (500 ng). 0.2 mM of dATP. 0.2 mM of dCTR 0.2 mM of dGTP, 0.2 
mM of dTTP. 50 mM of potassium chloride. 2 mM of magnesium chloride and 1 .25 units of 
Ex. Tac DNA polymerase (Takara Shuzo Co.. Ltd.. Japan). The solution was subjected to a 
reaction cycle consisting of three consecutive steps as follows: one minute at 94°C. two 
minutes at 58°C and 3 minutes at 70°C. The cycle was repeated 30 times to amplify the 
DNA fragment. PCR was performed using TaKaRa PCR Thermal Cycler MP TP 3000 
(manufactured by Takara Shuzo Co.. Ltd.. Japan). 

The amplified DNA fragments were subjected to agarose gel electrophoresis, and then 
agarose containing DNA fragments having a size of about 1.0 to 2.0 kb were recovered. 
DNA was recovered from the gel. and subjected to phenol-chloroform extraction and ethanoi 
precipitation. The resulting precipitate was dissolved in a small amount of TE. 

3) Ligation and transformation 

The DNA fragment obtained in step 2) was ligated to the plasmid pCR2. 1 using the 
TA cloning system pCR 2.1 (manufactured by Invitrogen corporation), the plasmid being 
provided as part of the kit. The plasmid was transformed into Escherichia coli JM 1 09 to 
provide transformants. 

Several colonies were selected from the resulting transformants. and were cultured 
according to the method of Maniatis. et ai. [described in Maniatis. T„ et al, Molecular 
cloning, a laboratory manual, 2 nd ed., Cold Spring Harbor Laboratory, Cold Spring Harbor, 
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N.Y. (1989)]. Namely, each of the colonies was inoculated into a 24 ml test tube containing 2 
ml of LB medium, and was incubated at 37°C for 18 hours with shaking. 

A recombinant DNA vector was prepared from the culture according to the alkaline 
method (described in Maniatis. T.. et al. supra). Namely. 1 .5 ml of the culture solution was 
centrifuged at room temperature at 10000 x G for two minutes. Cells were then recovered 
from the precipitate. To the cells were added 100 ul of a solution of 50 mM glucose, 25 mM 
Tris - hydrochloric acid. 1 0 mM EDTA (pH 8.0). to form a suspension. Thereto was added 
200 of 0.2 N sodium hydroxide - l%(w/v) SDS. The suspension was stirred gently, to lyse 
the micro-organisms. 1 50 ul of 3 M potassium acetate - 1 1 .5%(w/v) acetic acid was then 
added to denature any protein, followed by centrifugation at room temperature at 1 0000 x G 
for 10 minutes. The supernatant was recovered. The supernatant was subjected to phenol - 
chloroform extraction and ethanol precipitation. The resulting precipitate was dissolved in 50 
ul of TE containing 40 ^ig/ml of ribonuclease A (manufactured by Sigma corporation). 

Each of the recombinant DNA vectors was digested with restriction enzymes, and 
subjected to electrophoresis. The nucleotide sequences of the DNA inserts in the 
recombinant DNA vectors were determined using a DNA sequencer (model 377: 
manufactured by Perkin Elmer Japan) for all inserts having different digestion patterns on 
electrophoresis. 

In this way a strain was identified having a recombinant DNA vector containing a PKS 
fragment derived from Penicillium citrinum. 

Example 5: Genomic Southern blotting hybridization of Penicillium citrinum 
SANK13380 

1) Electrophoresis and transfer to membrane 

The genomic DNA (10 ug) of Penicillium citrinum SANK13380 obtained in Example 
2 was digested with restriction enzymes EcoRI, Sail, Hindlll or Sacl (all manufactured by 
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Takara Shuzo Co.. Ltd.. Japan), and then subjected to agarose gel electrophoresis. The gel 
was made using agarose L03 "TAKARA" (Takara Shuzo Co.. Ltd.. Japan). After 
electrophoresis, the gel was soaked in 0.25 N hydrochloric acid (manufactured by Wako Pure 
Chemical Industries. Ltd.). and incubated at room temperature for 10 minutes with gentle 
shaking. The gel was transferred to 0.4 N sodium hydroxide (manufactured by Wako Pure 
Chemical Industries. Ltd.). and gently incubated at room temperature for 30 minutes. Using 
the alkaline transfer method of Maniatis el al. (supra). DNA in the gel was transferred onto a 
nylon membrane Hybond ™-N+ (manufactured by Amersham corporation), and fixed 
thereon. The membrane was washed with 2 x SSC (1 x SSC contains 1 50 mM NaCl. 1 5 mM 
sodium citrate), and then air-dried. 

2) Hybridization and detection of signal 

The membrane obtained in step 1 ) was hybridized with the PKS gene fragment 
obtained in Example 4 as a probe. 

For the probe. 1 jag of the PKS gene insert fragment DNA obtained in Example 4 was 
labeled with a DIG DNA Labeling Kit (manufactured by Boeringer-Mannheim) and was 
boiled for 10 minutes and then rapidly cooled just prior to use. 

The membrane described in step 1 ) was soaked in hybridization liquid (DIG Easy Hyb: 
manufactured by Boeringer-Mannheim). and then subjected to prehybridization with shaking 
at 20 rpm at 42°C for 2 hours. Then, the above-mentioned labeled probe was added to the 
hybridization liquid, and hybridization was performed with shaking at 20 rpm at 42°C for 1 8 
hours using Multishaker Oven HB (manufactured by TAITEC corporation). The membrane 
subjected to hybridization was then subjected to three washes using 2 x SSC at room 
temperature for 20 minutes, and two washes using 0.1 x SSC at 55°C for 30 minutes. 

The washed membrane was treated with DIG Luminescent Detection Kit for Nucleic 
Acids (manufactured by Boeringer-Mannheim) and exposed to X ray film (Lumifilm, 
manufactured by Boeringer-Mannheim). Exposure was performed using Fuji medical film 
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processor FPM 800 A (manufactured by Fuji Film Corporation). 

As a result, it was confirmed that the PKS gene fragment obtained in Example 4 
existed on the genome of Penicillium citrinum . 

Example 6: Screening of genomic DNA library of Penicillium citrinum SANK13380 
using PKS gene fragment as a probe 

Cloning of a genomic DNA fragment containing a PKS gene was performed using a 
colony hybridization method. 

1) Preparation of membrane 

The Escherichia coli cell solution kept as a genomic DNA library of Penicillium 
citrinum SANK13380 (described in Example 3) was diluted and spread on a LB agar medium 
plate, such that 5000 to 1 0000 colonies might grow per plate. The plate was kept at 26°C for 
1 8 hours, and cooled at 4°C for one hour. Hybond ™-N+ (manufactured by Amasham 
corporation) was placed on the plate, and brought into contact therewith for one minute. The 
membrane on which the colony was adhered was carefully removed from the plate. The 
surface which had been in contact with the colonies was turned upward and soaked in 200 ml 
of a solution of 1.5 M sodium chloride. 0.5 N sodium hydroxide for 7 minutes, and then 
soaked in 200 ml of a solution of 1.5 M sodium chloride, 0.5 M Tris hydrochloric acid, 1 mM 
EDTA (pH 7.5) for three minutes twice, and then washed with 400 ml of 2 x SSC. The 
washed membrane was air-dried for 30 minutes. 

2) Hybridization 

The PKS gene insert DNA obtained in Example 4(1 ug) was used as a probe. The 
DNA was labeled with using a DIG DNA Labeling Kit (manufactured by Boeringer- 
Mannheim) and was boiled for 10 minutes and rapidly cooled just prior to use. 
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The membrane described in step 1 ) was soaked in hybridization liquid (DIG Easy Hyb 
manufactured by Boeringer-Mannheim). and then subjected to a prehybridization wash at 20 
rpm at 42°C for 2 hours. Then, the above-mentioned labeled probe was added to the 
hybridization liquid, and hybridization was performed at 20 rpm at 42°C for 1 8 hours using 
Muitishaker Oven HB (manufactured by TAITEC corporation). The membrane subjected to 
hybridization was subjected to three washes using 2 x SSC at room temperature for 20 
minutes, and two washes using 0. 1 x SSC at 68°C for 30 minutes. 

The washed membrane was treated with DIG Luminescent Detection Kit for Nucleic 
Acids (manufactured by Boeringer-Mannheim). and exposed to X ray film (Lumifilm. 
manufactured by Boeringer-Mannheim). Exposure was performed using Fuji medical film 
processor FPM 800A (manufactured by Fuji Film Corporation). 

The above steps 1 ) and 2) are referred to as Screening. 

Colonies on the plate where the positive signal was detected at the first screening was 
scraped and recovered cells suspended in LB medium. Then, cells were diluted adequately 
and spread on a suitable plate. Subsequently, a second screening was performed to purify the 
positive clone. 

The positive clone obtained in the present example, namely transformed Escherichia 
coli. Escherichia coli pML48 SANK71 199 strain was deposited at the Research Institute of 
Life Science and Technology of the Agency of Industrial Science and Technology on July 7. 
1999 under the Deposit Nos FERM BP-6780. in accordance with the Budapest Treaty on the 
Deposition of Micro-organisms. 

Example 7: Analysis of the inserted sequence of a recombinant DNA vector pML48 (1) 

Culturing of Escherichia coli pML48 SANK71 199 strain obtained in Example 6 and 
preparation of a recombinant DNA vector from the culture were performed in a similar 
manner to that described in Example 4. 
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The obtained DNA vector was designated as pML48. The insert of pML48, which is 
an ML-236B biosynthesis related genomic DNA, was digested with various restriction 
enzymes, and resulting fragments subcloned into pUCl 19 (manufactured by Takara Smizo 
Co. , Ltd., Japan). Using the resultant subclones as probes, Southern blot hybridization , was 
performed by a similar method to that described in Example 5. Namely, the products ,[ 

obtained by digesting pML48 with various restriction enzymes were subjected to 

i 

electrophoresis, and the DNAs were transferred to a membrane, and subjected to 
hybridization. As a result, a restriction enzyme cleavage map of the inserted sequence of 
pML48 was made using techniques standard in the art. 

The nucleotide sequence of the inserted sequence of each of the subclones was j 

i ! 

determined using DNA sequencer model 377 (manufactured by Perkin Elmer Japan Co.jLtd.), 
followed by determination of the entire nucleotide sequence of pML48. 

The inserted sequence of pML48 consisted of 34203 bases in total. 

The nucleotide sequence of the inserted sequence of pML48 is described in SEQ ID 

Nos. 1 and 2 of the Sequence Listing. The sequences described in SEQ ID Nos. 1 and 2 of 

i 

the Sequence Listing are completely complementary with each other. 

Existence of structural genes on the pML48 insert sequence was analyzed using! a gene 
searching program GRAIL (ApoCom GRAIL Toolkit: produced by Apocom Corporation) and 
a homology searching program BLAST (Gapped-BLAST (BLAST2): installed in ■: 
WISCONSIN GCG package ver.10.0). : 

As a result, six different structural genes were predicted to exist in the inserted >, 
sequence of pML48, and were designated mlcA, mlcB. mlcC, ralcD, mlcE and mlcR i 
respectively Furthermore, it was predicted that mlcA, mlcB, mlcE and mlcR have a coding 
region in the nucleotide sequence of SEQ ID NO. 2 of the Sequence Listing, and mlcC and 
mkD have a coding region in the nucleotide sequence of SEQ ID NO. 1 of the Sequence 



Listing, The relative position and length of each of the presumed structure genes of the 
inserted sequence were also predicted. 

i ,: 
The results of the present example are shown in Figure 2. Each arrow indicates 

i 

localization, direction and relative size of each structural gene on the pML48 insert. Ah 

i 

arrow which points to the left indicates that the coding region of a structural gene exists 1 

(micA, B, E or R) exists on ID SEQ NO 2. An arrow which points to the right indicates that 

■ 

the coding region of a structural gene (mlcC or D) exists on ID SEQ NO 1 . 

i \ 

Example 8: Analysis of the inserted sequence of a recombinant DNA vector pML4S (2) 

Analysis of expression of the structural genes whose existence was predicted in; 
Example 7 was carried out by Northern blot hybridization and RACE, Analysis of 5'- and 3'- 
end regions was performed. 

1 ). Preparation of total RNA of Penicillium citrimtm SANK! 33 80 '; 

Cells from a 5 mm square in the Penicillium ciirinum SANK13380 slant culture 

(described in Example 2) were inoculated into 10 ml MGB3-8 medium in a 1 00 ml conical 

• 'i 

flask, and incubated at 26°C for 3 days with shaking. ; ! 

Preparation of total RNA from the culture was performed with the RNeasy Plant; Mini 
Kit (manufactured by Qiagen AG) which uses the guanidine — isothiocyanate method. 
Namely, the culture was centrifuged at room temperature at 5000 x G for 10 minutes to : ! 
recover cells. Subsequently, 2g (wet weight) of the cells were frozen with liquid nitrogen and 
then crushed in a mortar to form a powder. The crushed cells were suspended in 4 ml 6t" 
buffer for lysis (comprised in the kit). 450 ul of the suspension was poured into each of 10 of 
QIAshredder spin columns contained in the kit, and then centrifuged at room temperature at 

1 OpO x G for 10 minutes. Each of the resultant eluents was recovered, and 225 ul of ethanol 

i 

was added thereto, which was then added to an RNA mini spin column contained in theikit. 

i : 
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The column was washed with buffer for washing contained in the kit. followed by elution of 
adsorbate in each column with 50 ul of ribonuclease free distilled water. The eluent was used 
as total RNA fraction. 

2) Northern blot hybridization 

An RNA sample was produced by adding 2.25 ul of an aqueous solution containing 20 
u-g of total RNA of Penicii Hum citrirtum SANK13380 to: one ul of 10 x MOPS (composition: 
200 mM 3-morpholino propane sulfonic acid. 50 mM sodium acetate. 10 mM EDTA-2Na; pH 
7.0; used after sterilization at 121 °C for 20 minutes in an autoclave; manufactured by 
Dojinkagaku Laboratory Co. Ltd.). 1 .75 jal of formaldehyde and 5 u.1 of formamide. followed 
by mixing. The RNA sample was kept at 65°C for 10 minutes, then rapidly cooled in ice 
water, and subjected to agarose gel electrophoresis. The gel for the electrophoresis was 
prepared by mixing 10 ml of 10 x MOPS and one gram of Agarose L03 "TAKARA" 
(manufactured by Takara Shuzo Co.. Ltd.. Japan) with 72 ml of pyrocarbonic acid diethyl 
ester treatment water (manufactured by Sigma Corporation), heated to dissolve the agarose, 
and then cooled, followed by addition of 1 8 ml of formaldehyde. As the sample buffer, 1 x 
MOPS (prepared by diluting 10 x MOPS with 10 times water) was used. RNA in the gel was 
transferred to Hybond ™-N+ (manufactured by Amasham corporation) in 10 X SSC. 

DNA fragments a. b. c. d and e. obtained by digesting the inserted sequence of pML48 
with the restriction enzymes 1 and 2 shown in the following Table 1 . were used as probes. 
Localization of each probe on the pML48 insert is shown in the upper panel of Figure 3. 

Table 1 


Probe for Northern blot hybridization 


Probe 

Restriction 

Nucleotide No. of 

Restriction 

Nucleotide No. of 


Enzyme 1 

Restriction 

Enzyme 2 

Restriction 



Enzyme site * 


Enzyme site * 


A 
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a 

EcoRI 

63 19 to 6324 

EcoRI 

15799 to 15804 

b 

BamHI 

16793 to 16798 

PstI 

18164to 18169 

c 

Kpnl 

26025 to 260 j 0 

BamHI 

2741 j> to 27418 

d 

Sail 

28691 to 28696 

Sail 

2955 1 to 29556 

e 

Hindlll 

33050 to 33055 

Sad 

34039 to 34044 


* Each nucleotide No. exists on SEQ ID No. I o 


the Sequence Listing 


Labeling of probes, hybridization and detection of signal were performed according to 
Southern blot hybridization described in Example 5. 

The results of the Example are shown in the lower panel of Figure 3. 

Each signal shows the existence of a transcription product homologous to the 
nucleotide sequence of each probe. 

The results suggest that the structural genes predicted to exist in the inserted sequence 
of pML48 in the present example, namely mlcA mlcB. mlcC mlcD. mlcE and mlcR were 
transcribed in Penicillium citrinum SANK13380. 


The position of each signal does not show the relative size of the transcription product. 
3) Determination of 5 '-end sequence according to 5 'RACE 


cDNA containing the 5'-end region of each structural gene was obtained using 5' 
RACE System for Rapid Amplification of cDNA ends, Version 2.0 (manufactured by GIBCO 
corporation). 
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Two kinds of antisense oligonucleotide DNAs were produced. The design was based on the 
nucleotide sequence presumed to be in the coding region and near the 5 '-end of each structural 
gene in the inserted sequence of pML48. as predicted by the results of Example 7 and the item 
2) of the present example. 

The nucleotide sequence of the antisense oligonucleotide DNA (1 ) designed based on 
the nucleotide sequence on the 3'-end side of each structural gene is shown in Table 2. The 
nucleotide sequence of the antisense oligonucleotide DNA (2). designed based on the 
nucleotide sequence on the 5'-end side of the each structural gene was shown in Table 3. 


Table 2: Oligonucleotide DNA (1) used for determination of 5'-end sequence according to 
5'RACE 



Gene 

SEQ ID No. of 
Sequence Listing 

Nucleotide Sequence 


mlcA 

SEQ ID No.5 

Gcatgttcaatttgctctc 


mlcB 

SEQ ID No.6 

Ctggatcagacttttctgc 


mlcC 

SEQ ID No. 7 

Gtcgcagtagcatgggcc 


mlcD 

SEQ ID No.8 

Gtcagagtgatgctcttctc 


mlcE 

SEQ ID No.9 

Gttgagaggattgtgagggc 


mlcR 

SEQ ID No. 10 

Ttgcttgtgttggattgtc 


Table 3: Oligonucleotide DNA (2) used for determination of 5*-end sequence according to 
5'RACE 


Gene 

SEQ ID No. of 
Sequence Listing 

Nucleotide Sequence 

mlcA 

SEQ ID No. 11 

Catggtactctcgcccgttc 

mlcB 

SEQ ID No. 12 

Ctccccagtacgtaagctc 

mlcC 

SEQ ID No. 13 

Ccataatgagtgtgactgttc 
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mlcD 

SEQ ID No. 14 

Gaacatctgcatccccgtc 

mlcE 

SEQ ID No. 15 

Ggaaggcaaagaaagtgtac 

mlcR 

SEQ ID No. 16 

Agattcattgctgttggcatc 


The first strand of cDNA was synthesized according to a reverse transcription reaction using 
the oligonucleotide DNA (1) as a primer, and total RNA of Penicillium citrinum SANK 1 3380 
as a template. Namely. 24 ul of the reaction mixture comprising one ug of total RNA. 2.5 
pmol of oligonucleotide DNA (1) and one ul of SUPER SCRIPTTM II reverse transcriptase 
(contained in the kit) was incubated at 1 6°C for one hour, and the reaction product was added 
to GLASSMAX spin cartridge contained in the kit. to purify the first strand of cDNA. 

A poly C chain was added to the 3 '-end of the cDNA first strand using terminal 
deoxyribonucleotidyl transferase contained in the kit. 

50 ul of the reaction mixture comprising the first strand of cDNA to which the 3 '-end 
poly C chain had been added, was mixed with 40 pmol of oligonucleotide DNA (2) and 40 
pmol of Abriged Anchor Primer (contained in the kit), followed by incubation at 94 °C for 
two minutes. The incubation cycle of 30 seconds at 94 °C. 30 seconds at 55 °C and two 
minutes at 72 °C was then repeated 35 times, followed by incubation at 72°C for five minutes 
and at 4°C for 1 8 hours. The resulting product was subjected to agarose gel electrophoresis, 
and DNA was recovered from the gel. The product was purified by phenol - chloroform 
extraction and ethanol precipitation, and cloned in the similar manner to a method described 
in Example 4 using pCR 2. 1 . 

The operation described above is 5'-RACE. 

The nucleotide sequence of cDNA fragment containing 5'-end was determined, and 
position of transcription initiation point and translation initiation codon were predicted. 

Table 4 shows the SEQ ID No. in which the nucleotide sequence of the 5'-end cDNA 
fragment corresponding to each structural gene obtained by 5' RACE was described. Table 5 
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shows the SEQ ID No. in which the transcription initiation point and translation initiation 
point of each structural gene exist, and the position of the transcription initiation point and 
translation initiation point. 

Table 4: SEQ ID Nos in which nucleotide sequence of 5'-end cDNA fragment is shown 


Gene 

SEQ ID NO of 


SEQUENCE LISTING 

mlcA 

SEQIDNo.17 

mlcB 

SEQ ID No. 18 

mlcC 

SEQ ID No. 19 

mlcD 

SEQIDNo.20 

mlcE 

SEQ IDNo.21 

mlcR 

SEQ ID No.22 


Table 5: Position of transcription initiation point and translation initiation point of each gene 


Gene 
No. 

SEQ ID NO 
where 
Translation 
initiation 
Codon exists 

Nucleotide Number in SEQ ID NO 1 or 
SEQ ID NO 2 



Transcription 

Initiation 

Point 

Translation 

initiation 

codon 

mlcA 

SEQ ID No.2 

22913 

23045 to 23047 

mlcB 

SEQ ID No.2 

11689 

11748 to 11750 

mlcC 

SEQ IDNo.l 

11631 

11796 to 11798 

mlcD 

SEQ ID No.l 

24066 

24321 to 24323 

mlcE 

SEQ ID No.2 

3399 

3545 to 3547 

mlcR 

SEQ ID No.2 

365 

400 to 402 
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* nucleotide sequence shown in SEQ ID No.l and 2 of Sequence Listing are completely 
complementary with each other. 

4) Determination of 3 '-end sequence according to 3' RACE 

cDNA containing the 3 '-end region of each structural gene was obtained using the 
Ready To Go: T-Primed First-Strand kit (manufactured by Pharmacia corporation). 

One kind of sense oligonucleotide DNA (3) presumed to be in coding region and near 
the 3 '-end in each structural gene in the inserted sequence of pML48 was produced, predicted 
from the results of Example 7 and the item 2) of the present example. 

The nucleotide sequence of the oligonucleotide DNA (3) produced for each structural 
gene is shown in Table 6. 

Table 6: Oligonucleotide DNA (3) used for determination of 3'-end sequence according to 3' 
RACE 


Gene 

SEQ ID No. of 
Sequence Listing 

Nucleotide Sequence 

mlcA 

SEQ IDNo.23 

Atcataccatcttcaacaac 

mlcB 

SEQ ID No.24 

Gctagaataggttacaagcc 

mlcC 

SEQ IDNo.25 

Acattgccaggcacccagac 

mlcD 

SEQ ID No.26 

Caacgcccaagctgccaatc 

micE 

SEQ IDNo.27 

Gtcttttcctactatctacc 

mlcR 

SEQ ID No.28 

Ctttcccagctgctactatc 


The first strand of cDNA was synthesized by a reverse transcription reaction using the 
NotI-d(T)18 primer (contained in the kit), and total RNA of Penicillium citrinum 
SANK13380 (one ug) as a template. 
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100 ul of the reaction mixture comprising the first strand of cDNA, 40 pmol of 
oligonucleotide DNA (3) and Notl-d(T) 1 8 primer (contained in the kit) was kept at 94°C for 
two minutes. An incubation cycle of 30 seconds at 94°C, 30 seconds at 55°C and two 
minutes at 72°C was repeated 35 times, followed by incubation at 72°C for five minutes and 
at 4°C for 1 8 hours. The resulting product was subjected to agarose gel electrophoresis, and 
then DNA was recovered from the gel. The product was purified by phenol - chloroform 
extraction and ethanol precipitation, and cloned in the similar manner to a method described 
in Example 4 using pCR 2.1. 

The operation described above is 3 '-RACE. 

The nucleotide sequence of cDNA at the 3 '-end was determined, and the position of 
the translation termination codon was predicted. 

Table 7 shows the SEQ ID No. of the Sequence Listing in which the nucleotide 
sequence of the 3'-end cDNA fragment corresponding to each structural gene obtained by 3' 
RACE is described. Table 8 shows the translation termination codon and position of the 
codon based on SEQ ID Nos.l and 2 of Sequence Listing. 

Table 7: SEQ ID Nos in which nucleotide sequence of 3'-end cDNA fragment 


Gene 

SEQ ID No. of 
SEQUENCE LISTING 

mlcA 

SEQ ID No.29 

mlcB 

SEQ ID No.30 

mlcC 

SEQIDNo.31 

mlcD 

SEQ ID No.32 

mlcE 

SEQ ID No.33 

mlcR 

SEQ ID No.34 


Table 8: Translation termination codon and position of the translation termination codon of 
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each structural gene 


Gene 

Translation 

SEO ID NO 

NuplpntiHp Mr* r\€ 


termination 

where 

trari^latioTi tprminfitirYn 

tJ - t * J XOiCXLX\_/lX lvilxxxxx<illvJxx 


codon 

Translation 

codon in SFO ID NO 1 



termination 

or SEQ ID NO 2 



Codon exists 


mlcA 

tag 

SEQ ID No.2 

32723 to 32725 

mlcB 

taa 

SEQ ID No.2 

19840 to 19842 

mlcC 

taa 

SEQ ID No.l 

13479 to 13481 

mlcD 

tga 

SEQ ID No.l 

27890 to 27892 

mlcE 

tga 

SEQ ID No.2 

5730 to 5732 

mlcR 

tag 

SEQ ID No.2 

1915 to 1917 


* nucleotide sequence shown in SEQ ID No.l and 2 of Sequence Listing are completely 
complementary with each other. 

Table 9 shows the C-terminal amino acid residue of the polypeptide predicted to be 
encoded by each structural gene, the nucleotide sequence of the trinucleotide encoding the 
amino acid residue and the position of the trinucleotide. 

Table 9: C-terminal amino acid residue of the polypeptide encoded by each structural gene 


Gene 

C-terminal 

Nucleotide 

SEQ ID where 

Nucleotide No. of 


amino acid 

sequence of 

tri-nucleotide 

tri-nucleotide in 


residue 

tri-nucleotide 

exists 

SEQ ID 1 or 2 



encoding 





amino acid 



mlcA 

alanine 

gcc 

SEQ ID No.2 

32720 to 32722 

mlcB 

serine 

agt 

SEQ ID No.2 

19837 to 19839 

mlcC 

cystein 

tgc 

SEQ ID No.l 

13476 to 13478 

mlcD 

arginine 

cgc 

SEQ ID No.l 

27887 to 27889 
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mlcE 

alanine 

get 

SEQ ID No.2 

5727 to 5729 

mlcR 

alanine 

get 

SEQ ID No.2 

1912 to 1914 


complementary with each other. 


Table 10 summarizes the sequence complementary to the translation termination codon 
shown in Table 8, the SEQ ID where the complementary sequence exists and the position of 
the complementary sequence 


Table 10 Sequence complementary to translation termination codon of each structural gene 


Gene 

sequence 

SEQ ID NO where the 

Nucleotide No. of the 


complementary to 

complementary 

complementary 


translation 

sequence exists 

sequence in SEQ ID 


termination codon 


NO 1 or SEQ ID NO 
2 

mlcA 

eta 

SEQ ID NoJ 

1479 to 1481 

mlcB 

tta 

SEQ ID No.l 

14362 to 14364 

mlcC 

tta 

SEQ ID No.2 

20723 to 20725 

mlcD 

tea 

SEQ ID No.2 

6312 to 6314 

mlcE 

tea 

SEQ ID No.l 

28472 to 28474 

mlcR 

eta 

SEQ ID No.l 

32287 to 32289 


completely 


complementary with each other. 


As described above, the position of each structural gene, the direction thereof and 
position thereof were ascertained. Based on the above information, the transcription product 
and translation product of each structural gene can be obtained. 

Example 9: Obtaining cDNA corresponding to the structural gene mlcE 


1) Preparation of total RNA 
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Total RNA of Penicillium citrinum was prepared according to the method of Example 

8. 

2) Design of primer 

In order to obtain a full length cDNA corresponding to structural gene mlcE 
determined in Example 8. the following primers were designed and synthesized: 

sense primer 5'-gttaacatgtcagaacctctaccccc-3' (See SEQ ID 35 of Sequence Listing): and 
antisense primer 5'-aatatttcaagcatcagtctcaggcac-3': (See SEQ ID 36 of Sequence Listing). 

The primers are derived from the sequence on the 5' -end upstream region of structural 
gene mlcE and from the sequence at the 3 '-end downstream region respectively. Synthesis 
was performed according to the phosphoamidite method. 

3) RT-PCR 

In order to obtain a full-length cDNA encoding the gene product of mlcE. the Takara 
RNA LA PCR kit (AMV) Ver. 1 . 1 was used. 

Specifically, 20 ul of a reaction mixture comprising one ug of total RNA, 2.5 pmol of 
Random 9 mers primer (contained in the kit), and one ul of reverse transcription enzyme 
(contained in the kit) was incubated at 42°C for 30 minutes to produce the first strand of 
cDNA. The reverse transcription enzyme was then deactivated by heating at 99°C for five 
minutes. 

1 00 ul of a second reaction mixture comprising the total amount of the reaction 
mixture of the first strand of cDNA (above), 40 pmol of sense primer and 40 pmol of 
antisense primer was incubated at 94 °C for two minutes. An incubation cycle of 30 seconds 
at 94°C, 30 seconds at 60°C and two minutes at 72°C was repeated 30 times, followed by 
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incubation at 72°C for five minutes and at 4°C for 1 8 hours. The resulting product was 
subjected to agarose gel electrophoresis, and DNA was recovered from the gel. The product 
was purified by phenol - chloroform extraction and ethanol precipitation, and used to 
transform Escherichia coli competent cell JM109 strain (manufactured by Takara Shuzo Co.. 
Ltd.. Japan) in the similar manner to a method described in Example 4 using pCR 2.1. A 
strain carrying a plasmid having the DNA fragment was selected from the transformed 
Escherichia coli. and the plasmid carried by the strain was designated as pCRexpE. 

The nucleotide sequence of the inserted DNA of the resulting recombinant DNA 
vector pCRexpE was determined. The inserted DNA contained full-length cDNA 
corresponding to structural gene mlcE. The nucleotide sequence thereof and an amino acid 
sequence of the peptide deduced from the nucleotide sequence are shown in SEQ ID NO.37 
and/or SEQ ID NO 38 of the Sequence Listing. 

The nearest known sequence for mlc E (polypeptide) was ORF10 on the gene cluster 
related to biosynthesis of lovastatin. with 70% identity. 

Example 10: Construction of the expression vector pSAK 700 

cDNA expression vector pSAK700 was constructed using the vector pSAK333 and 
pSAK360 described in Example 1 . 

pSAK333 was digested with both restriction enzymes BamH I and Hind III 
(manufactured by Takara Shuzo Co.. Ltd.. Japan), and then subjected to agarose gel 
electrophoresis. A 4. 1 kb fragment was recovered from the gel. and the end of the DNA 
fragment was blunt-ended with T4-DNA polymerase (manufactured by Takara Shuzo Co., 
Ltd., Japan). 


An EcoRI-Notl-BamHI adapter (manufactured by Takara Shuzo Co., Ltd., Japan) was 
linked to the above-mentioned DNA fragment using DNA ligation kit Ver.2 (manufactured by 
Takara Shuzo Co., Ltd., Japan). Escherichia coli competent cell JM109 strain (manufactured 
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by Takara Shuzo Co., Ltd.. Japan) was transformed with the ligated DNA. A strain carrying 
the plasmid having the adapter was selected from the transformed Escherichia coli. and the 
plasmid carried by the strain was designated as pSAK410. 

pSAK360 was digested with both restriction enzymes Pvu II and Ssp I, and subjected 
to electrophoresis. A DNA fragment (about 2.9 kb) containing the promoter and terminator 
of 3-phosphoglycerate kinase (hereinafter referred to as "pgk") gene and HPT originating 
from Escherichia coli was recovered from the gel. 

The recovered above-mentioned DNA fragment was linked to the Pvu II site of 
pSAK410 using DNA ligation kit Ver.2 (manufactured by Takara Shuzo Co.. Ltd.. Japan). 
Escherichia coli competent cell JM1 09 strain was transformed with the ligated DNA. A 
strain carrying the plasmid having the DNA fragment was selected from the transformed 
Escherichia coli, and the plasmid carried by the strain was designated as pSAK700. 

The construction of pSAK700 is shown in Figure 4. 

pSAK 700 has one restriction enzyme site for each of the enzymes BamHI and Notl. 
pSAK700 also has an ampicillin resistant gene (hereinafter referred to as "Amp r ") and 
hygromycin resistance gene HTP as a selection marker. In the following examples, when 
Escherichia coli is used as a host, selection of cells transformed by pSAK700 or by pSAK700 
comprising a foreign DNA insert was performed by adding 40 ug/ml of ampicillin to the 
relevant medium. When Penicillium citrinum SANK 3 3380 is used as a host, selection of 
cells transformed by pSAK700 or by pSAK700 comprising a foreign DNA insert was 
performed by adding 200 ug/ml of hygromycin to the relevant medium. 

Example 11: Construction of cDNA expression vector pSAKexpE 

Recombinant DNA vector pCRexpE obtained in Example 9 was reacted at 37°C for 2 
hours in the presence of the restriction enzymes Hpal and Sspl (manufactured by Takara 
Shuzo Co., Ltd., Japan), and the reaction product was subjected to agarose gel electrophoresis. 
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A band containing a full-length cDNA of mlcE around 1.7kb was recovered from the gel. 

After reacting pSAK700 with the restriction enzyme Notl (manufactured by Takara 
Shuzo Co.. Ltd.. Japan) at 37°C for one hour, the end of the vector was blunt-ended with T4 
DNA polymerase (Takara Shuzo Co.. Ltd.. Japan) at 37°C for 5 minutes. Then, the vector 
was subjected to phenol chloroform extraction and ethanol precipitation. The precipitate 
DNA was dissolved in a small amount of TE. Alkaline phosphatase was added thereto and 
was incubated at 65°C for 30 minutes. pSAKJOO. prepared as described above, was ligated 
to 1 .7 kb of DNA fragment obtained in the step 1) using DNA ligation kit Ver.2 (manufactured 
by Takara Shuzo Co.. Ltd.. Japan). Escherichia coli competent cell JM109 strain was 
transformed using the ligated DNA. An Escherichia coli strain transformed by cDNA 
expression vector was obtained. 

The transformed Escherichia coli. termed Escherichia coli pSAKexpE SANK 72499. 
obtained in the present example was deposited at the Research Institute of Life Science and 
Technology of the Agency of Industrial Science and Technology on January 25. 2000 under 
the Deposit Nos. FERM BP-7005. in accordance with the Budapest Treaty on the Deposition 
of Micro-organisms. 

Example 12: Obtaining cDNA corresponding to the structural gene mlcR 

1 ) Preparation of total RNA 

Total RNA of Penicillium citrinum was prepared according to the method of Example 

8. 

2) Design of primer 

In order to obtain a full length cDNA corresponding to the structural gene mlcR 
determined in Example 8, the following primers were designed and synthesized: 
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sense primer : 5'-ggatccatgtccctgccgcatgcaacgattc-3': (See SEQ ID 39 of Sequence Listing); 
and 

antisense primer 5'-ggatccctaagcaatattgtgtttcttcgc-3': (See SEQ ID 40 of Sequence Listing). 

The primers were designed from the sequence on 5 '-end upstream region of structural 
gene mlcK and from the sequence at the 3'-end downstream region, respectively. Synthesis 
was performed according to the phosphoamidite method. 

3) RT-PCR 

In order to obtain a full-length cDNA encoding the gene product of mlcR. a Takara 
RNA LA PCR kit (AMV) Ver. 1.1 was used. 

Specifically, 20 fil of a reaction mixture comprising one ug of total RNA. 2.5 pmol of 
Random 9 mers primer (contained in the kit), and one ui of reverse transcription enzyme 
(contained in the kit) was incubated at 42°C for 30 minutes to produce the first strand of 
cDNA. The reverse transcription enzyme was then deactivated by heating at 99°C for five 
minutes. 

100 ul of a second reaction mixture comprising the total amount of the reaction 
mixture of the first strand of cDNA (above). 40 pmol of sense primer and 40 pmol of 
antisense primer was incubated at 94 °C for two minutes. An incubation cycle of 30 seconds 
at 94°C, 30 seconds at 60°C and two minutes at 72°C was repeated 30 times, followed by 
incubation at 72°C for five minutes and at 4°C for 1 8 hours. The resulting product was 
subjected to agarose gel electrophoresis, and DNA was recovered from the gel. The product 
was purified by phenol - chloroform extraction and ethanol precipitation, and used to 
transform Escherichia coli competent cell JM109 strain (manufactured by Takara Shuzo Co., 
Ltd., Japan) in the similar manner to a method described in Example 4 using pCR 2. 1 . A 
strain carrying a plasmid having the DNA fragment was selected from the transformed 
Escherichia coli, and the plasmid carried by the strain was designated as pCRexpR. 
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The nucleotide sequence of the inserted DNA of the resulting recombinant DNA 
vector pCRexpR was determined. The inserted DNA contained full-length cDNA 
corresponding to structural gene mlcR. The nucleotide sequence thereof and an amino acid 
sequence of the peptide deduced from the nucleotide sequence are shown in SEQ ID NO 41 
and/or SEQ ID NO 42 of the Sequence Listing. 

The nearest known sequence for mlc R (polypeptide) was lovE on the gene cluster 
related to biosynthesis of lovastatin. with 34% identity. 

Example 13: Construction of cDNA expression vector pSAKexpR 

Recombinant DNA vector pCRexpR obtained in Example 12 was reacted at 37°C for 
2 hours in the presence of restriction enzyme BamHI (manufactured by Takara Shuzo Co.. 
Ltd., Japan), and the reaction product was subjected to agarose gel electrophoresis. A band 
containing a full-length cDNA of mlcR around 1 .4kb was recovered from the gel. 

After reacting pSAK700 with the restriction enzyme BamHI (manufactured by Takara 
Shuzo Co.. Ltd., Japan) at 37°C for one hour, alkaline phosphatase (manufactured by Takara 
Shuzo Co., Ltd.. Japan) was added and reacted at 65°C for 30 minutes. pSAK700 digested 
with BamHI as described above was ligated to 1.4 kb of DNA fragment obtained in the step 1) 
using DNA ligation kit Ver.2 (manufactured by Takara Shuzo Co., Ltd.. Japan). Escherichia 
coli competent cell JM 1 09 strain was transformed with the ligated DNA. An Escherichia 
coli strain transformed by cDNA expression vector was obtained. 

The transformed Escherichia coli. termed Escherichia coli pSAKexpR SANK 72599, 
obtained in the present example was deposited at the Research Institute of Life Science and 
Technology of the Agency of Industrial Science and Technology on January 25, 2000 under 
the Deposit Nos. FERM BP-7006, in accordance with the Budapest Treaty on the Deposition 
of Micro-organisms. 

Example 14: Transformation of ML-236B producing micro-organisms 
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1 ) Preparation of protoplasts 

Spores from a slant of a culture of Penicillium citrinum SANK 1 3380 strain were 
inoculated on a PGA agar medium, then incubated at 26 °C for 14 days. The spores of 
Penicillium citrinum SANK 13380 strain were then recovered from the culture, and 1 x 10 8 
of the spore were inoculated into 80 ml of YPL-20 culture medium, incubated at 26°C for one 
day. After confirming germination of the spores by observation under a microscope, the 
germinating spores were centrifuged at room temperature at 5000 x G for ten minutes, and 
recovered as a precipitate. 

The spores were washed with sterilized water three times, to form protoplasts. 
Namely, 200 mg of zymolyase 20 T (manufactured by Seikagaku Kogyo corporation) and 100 
mg of chitinase (manufactured by Sigma corporation) were dissolved in 10 ml of 0.55 M 
magnesium chloride solution, and centrifuged at room temperature at 5000 x G for 10 
minutes. The resultant supernatant was used as an enzyme solution. 20 ml of the enzyme 
solution and 0.5 g (wet weight) of germinating spores were put into 100 ml conical flask and 
incubated with gently shaking at 30°C for 60 minutes. After confirming that the germinating 
spores became protoplasts using a microscope, the reaction solution was filtered through 3G-2 
glass filter (manufactured by HARJO corporation). The filtrate was centrifuged at room 
temperature at 1000 x G for 10 minutes, and then the protoplasts were recovered as a 
precipitate. 

2) Transformation 

The protoplasts obtained in step 1) were washed twice with 30 ml of 0.55 M 
magnesium chloride and once with 30 ml of a solution consisting of 0.55 M magnesium 
chloride, 50 mM calcium chloride and 10 mM 3-morpholino propane sulfonate (pH 6.3 or 
lower, hereinafter referred to as MCM solution). Protoplasts were then suspended in 1 00 ul 
of a solution of 4 % (w/v) polyethylene glycol 8000, 10 mM 3-morpholino propane sulfonate, 
0.0025% (w/v) heparin (manufactured by sigma corporation), 50 mM magnesium chloride 
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(pH 63 or less, hereinafter referred to as "transformation solution"). 

96 ul of transformation solution containing about 5 x 10 7 protoplasts and 10 ul of TE 
containing 120 u.g of pSAKexpE. or pSAKexpR. were mixed, and allowed to stand on ice for 
30 minutes. Thereto was added 1 .2 ml of a solution of 20 % (w/v) polyethylene glycol. 50 
mM of magnesium chloride, 10 mM of 3-morpholino propane sulfonic acid (pH 6.3). The 
liquid was then gently pipetted and then allowed to stand at room temperature for 20 minutes. 
Thereto was added 10 ml of MCM solution, followed by gentle mixing, and centrifugation at 
room temperature at 1000 x G for 1 0 minutes. The transformed protoplasts were recovered 
from the precipitate. 

3) Regeneration of the cell wall of transformed protoplasts 

The transformed protoplasts obtained in step 2) were suspended in 5 ml of liquid VGS 
middle layer agar medium, and layered on 10 ml of a solidified VGS lower agar medium 
plate. The plate was incubated at 26°C for one day. after which 10 ml of liquid VGS upper 
agar medium containing 5 mg hygromycin B per plate (final concentration of hygromycin of 
200 pig/ml) was layered on top. After incubation at 26°C for 14 days, both strains (i.e. those 
strains derived from protoplasts transformed with pS AKexpE, or pSAKexpR ) were 
subcultured on PGA agar medium containing 200 ug/ml of hygromycin B. and subcultured on 
a slant prepared with PGA agar medium, incubated at 26°C for 14 days. 

The slants were reserved at 4°C. 

Test Example 1: Comparison of ML-236B biosynthesis ability in transformed and 
original strains 

The transformed strains obtained in Example 14 and Penicillium citrinum SANK 
13380 were cultured and the amount of ML-236B in each culture was measured. 


A 5 mm square inoculum of spores was cultured from the slants in which the 
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transformed strains were cultured, as described in Example 14. and from the slant described in 
Example 2, relating to Penicillium citrinum SANK 13380. Cells were inoculated in 10 ml of 
MBG3-8 medium in a 1 00 ml conical flask, then incubated at 24°C for two days with shaking, 
followed by the addition of 3.5 ml of 50 % (w/v) glycerin solution. Then, culturing was 
continued at 24°C for 10 days with shaking. 

To 10 ml of the culture was added 50 ml of 0.2 N sodium hydroxide, followed by 
incubation at 26°C for one hour with shaking. The culture was centrifuged at room 
temperature at 3000 x G for two minutes. One ml of the supernatant was recovered, mixed 
with 9 ml of 75 % methanol, and subjected to HPLC. 

SSC-ODS-262 (having a diameter of 6 mm. length of 100 mm. manufactured by 
Senshu Kagaku Co.Ltd.) was used as HPLC column, and 75 % (v/v) methanol - 0.1 % (v/v) 
triethylamine - 0.1 % (v/v) acetic acid was used as the mobile phase. Elution was carried out 
at room temperature at a flow rate of 2 ml/minute. Under these conditions. ML-236B was 
eluted 4 minutes after addition to the column. Detection was performed with a UV detector 
at absorption wavelength of 236 nm. 

ML-236B biosynthesis ability was increased in three strains among the eight 
pSAKexpE transformed strains. ML-236B biosynthesis ability of these strains was 10 % 
higher on average compared with the original strain. ML-236B biosynthesis ability of these 
three strains was also maintained stably after subculture, such as monospore treatment or the 
like. These results indicate that the insert of pSAKexpE is an ML-236B biosynthesis 
accelerating cDNA. 

ML-236B biosynthesis ability was increased in five strains among the pSAKexpR 
transformed strains. ML-236B biosynthesis ability of these strains was 1 5 % higher on 
average compared with the original strain. ML-236B biosynthesis ability of these five strains 
was also maintained stably after subculture such as monospore treatment or the like. These 
results indicate that the insert of pSAKexpE is an ML-236B biosynthesis accelerating cDNA. 


# 
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Thus. ML-236B biosynthesis accelerating cDNA obtained from an ML-236B 
producing micro-organism according to the present invention accelerates ML-236B 
biosynthesis in the ML-236B producing micro-organism when introduced in the ML-236B 
producing micro-organism. 

Example 15: Determination of the sequence of cDNAs corresponding to the structural 
genes mlc A-D. 

The sequence of the cDNA corresponding to the structural gene mlc A was 
determined. 

The first strand cDNA was synthesized with TAKARA LA PCR kit verl .1 (Takara 
Shuzo Co., Ltd.). Several PCRs were carried out for amplification of the full or partial region 
of the cDNA using the first strand cDNA as a template and several distinct pairs of 
oligonucleotides as primers. 

The cycle of 30 seconds at 94°C. 30 seconds at 60°C and five minutes at 72°C was 
repeated 30 times using The Big Dye Primer/Terminator Cycle Sequencing Kit and The ABI 
Prism 377 sequence (PE Applied Biosystems). 

The product of each reaction was inserted into plasmid pCR2.1 individually. 

Escherichia coli transformants of each recombinant plasmid were obtained. 

The nucleotide sequences of each insert of the recombinant plasmids obtained from 
said transformants were determined. 

The sequences of exons and introns were determined on the basis of a comparison 
between the nucleotide sequence of several RT-PCR products mentioned above and that of the 
structural gene mlc A. 


# 
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Then, the sequence of cDNA corresponding to the structural gene mlc A was 
determined (SEQ ID NO 43). The corresponding amino acid sequence of polypeptide 
encoded by said cDNA was predicted (SEQ ID NO 44) and a function of the polypeptide was 
assumed on the basis of a homology search using the amino acid sequence. 

The nearest known sequence for mlc A (polypeptide) was LNKS(/ovB) on the gene 
cluster related to biosynthesis of lovastatin. with 60% identity. 

In a simlar way. the sequence of cDNA corresponding to the structural gene mlc B was 
determined (SEQ ID NO 45). The corresponding amino acid sequence of polypeptide 
encoded by said cDNA was predicted (SEQ ID NO 46) and a function of the polypeptide was 
assumed on the basis of a homology search using the amino acid sequence. 

The nearest known sequence for mlc B (polypeptide) was LDKS(/ovF) on the gene 
cluster related to biosynthesis of lovastatin, with 61% identity . 

Similarly, the sequence of cDNA corresponding to the structural gene mlc C was 
determined (SEQ ID NO 47). The corresponding amino acid sequence of polypeptide 
encoded by said cDNA was predicted (SEQ ID NO 48) and a function of the polypeptide was 
assumed on the basis of a homology search using the amino acid sequence. 

The nearest known sequence for mlc C (polypeptide) was lovA on the gene cluster 
related to biosynthesis of lovastatin. with 72% identity. 

Furthermore, the sequence of cDNA corresponding to the structural gene mlc D was 
determined (SEQ ID NO 49). The corresponding amino acid sequence of polypeptide 
encoded by said cDNA was predicted (SEQID NO 50) and a function of the polypeptide was 
assumed on the basis of a homology search using the amino acid sequence. 

The nearest known sequence for mlc D (polypeptide) was ORF8 on the gene cluster 
related to biosynthesis of lovastatin, with 63% identity. 


The positions of exons of each structural gene on SEQ ID NO 1 or SEQ ID NO 2 were 
determined, as follows: 


Table 1 1 : Tr|e positions of exons of m/cA-D in pML48 inserts 



SEQ ID where 
exon exists. 

Exon 
Number 

Nucleotide 
or SEQ ID 1 

number of SEQ ID NO 1 
MO 2 

MlcA 

2 

1 

22913 

to 

9^945 

2 

23003 

tn 

93846 

3 

23634 

to 


4 

23918 

tn 


5 

24221 

tn 


6 

24627 

tn 

97490 

7 

27479 



8 

27761 

to 

30041 

9 

30112 

to 

30454 

10 

30514 

to 

30916 

11 

30972 

to 

32930 

MJcB 

2 

1 

11689 

to 

12002 

2 

12106 

to 

12192 

3 

12247 

to 

12304 

4 

12359 

to 

12692 

5 

12761 

to 

13271 

6 

13330 

to 

13918 

7 

13995 

to 

20052 

MlcQ 

1 

1 

11631 

to 

12140 

2 

12207 

to 

12378 

^ 

12442 

to 

13606 

MlcD 

1 

1 

24066 

to 

24185 ! 

2 

24270 

to 

27463 

3 

27514 

to 

28130 


Thr positions of transriptionl termination site of each structural gene on SEQ ID NO 1 
or SEQ ID NO 2 were determined as follows: 


Table 12: The positions of transcription termination site 
of structural genes mlc A-E and R in pML48 inserts 


Gene 

SEQ ID NO where 

Nucleotide number of 


transription termination site 

transcription termination site 


exists 

in SEQ ID NO 1 or SEQ ID 



NO 2 
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mlcA 

SEQ ID NO 2 

32910 

mlcB 

SEQ ID NO 2 

20052 

mlcC 

SEQ ID NO 1 

13606 

mlcD 

SEQ ID NO 1 

28130 

mlcE 

SEQ ID NO 2 

5814 

mlcR 

SEQ ID NO 2 

1918 


Example 16: Studies of gene disruption. 

The structural genes mlc A, B or D of P. citrinum were disrupted via site directed 
mutagenics using homologous recombination. 

The recombinant plasmid for obtaining the structural gene w/cA-disrupted mutant of 
P. citrinum was constructed using a plasmid. pSAK333. 

A 4.1-kb internal Kpn\ fragment of the mlc A locus on the pML48 insert was 
recovered, purified, blunt ended with a DNA Blunting Kit (Takara Shuzo Co., Ltd.) was 
ligated to PwwII-digested pSAK333. The resultant plasmid was designated as pdxsmlcA. 

P. citrinum SANK 13380 was transformed by x>d\smlcA. 

Southern hybridization of genomic DNA of pdisw/cvi transformant was carried out to 
confirm the disruption of the structural gene mlc A.. 

The resultant w/cA-disrupted mutant did not produce ML-236B or its precursor at all. 

The recombinant plasmid for obtaining the structural gene w/cB-disrupted mutant of 
P. citrinum was constructed using a plasmid, pSAK333. 

1.4-Kb Psl-BamHl fragment of the mlcB locus on the pML48 insert was recovered, 
purified, blunt ended with a DNA Blunting Kit (Takara Shuzo Co., Ltd.) and ligated to Puull- 
digested pSAK333. The resultant plasmid was designated as pdlsmlcB. 
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P. citrinum SANK 13380 was transformed by pdismlcB. 

Southern hybridization of genomic DNA of pdismlcB transformant was carried out to 
confirm the disruption of the structural gene mlcB. 

The resultant m/cB-disrupted mutant produced not ML-236B but ML-236A. the 
precursor of ML-236B. 

The recombinant plasmid for obtaining the structural gene w/cD-disrupted mutant of 
P. citrinum was constructed using a plasmid. pSAK333. 

1 .4-Kb Kpnl-BamHl fragment of the mlcD locus on the pML48 insert was recovered, 
purified, blunt ended with a DNA Blunting Kit (Takara Shuzo Co.. Ltd.) and ligated to Puull- 
digested pSAK333. The resultant plasmid was designated as pdismlcD. 

P. citrinum SANK 13380 was transformed by pdismlcD. 

Southern hybridization of genomic DNA of pdismlcD transformant was carried out to 
confirm the disruption of the structural gene mlcD. 

The amount of ML-236B produced by resultant w/cD-disrupted mutant was about 
30% of that of the untransformed control host. 

Example 17: Functional Analysis of mlc R in pSAKexpR transformants. 

Two of the pSAKexpR transformants which were obtained in Example 12, 
designated as TR1 and TR2 respectively, and untransformed host cells. Penicillium citrinum 
SANK 13380, were inoculated in MBG3-8 medium and incubated individually as described in 
Example 8. 


Total RNA was extracted from each of the cultures described in Example 8. 
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RT-PCR was carried out using said total RNA as a template and a pair of 
oligonucleotides designed on the basis of nucleotide sequence of the structural genes mlc A. 
B, C D E or R as primers. 


Table 13: Nucleotide sequences of pairs of primers for RT-PCR. 


arget of 
T-PCR 

Primer 1 

SEQ 
ID NO 

Primer 2 

SEQ 
ID NO 

mlcA 

5 *-gcaagctctgctaccagcac-3 " 

51 

5 * -ctaggccaacttcagagccg-3 * 

52 

mlcB 

5*-agtcatgcaggatctgggtc-3 * 

53 

5 "-gcagacacatcggtgaagtc-3 * 

54 

mlcC 

5*-aaaccgcacctgtctattcc-3 ' 

55 

5*-ctttgtggttggatgcatac-3 * 

56 

mlcD 

5 '-cgctctatcatttcgaggac-3 * 

57 

5 '-tcaatagacggcatggagac-3 * 

58 

mlcE 

5 * -atgtcagaacctctaccccc-3 ' 

59 

5*-tcaagcatcagtctcaggca-3 " 

60 

mlcR 

5 *atgtccctgccgcatgcaac-3 ' 

61 

5 * -c taagcaatattgtgtttct-3 * 

62 


The results of RT-PCR analysis are shown in Figure 5 for the untransformed 
Pencillium citrinum 13380. and for the two transformants designated TR1. TR2. 

The structural genes mlc A. B. C. D and R were expressed at the first, second and 
third day of cultivation in pSAKexpR transformants. 

In contrast, all these structural genes were expressed only at the third day of 
cultivation in untransformed host cells. 

There was no difference in the expression of the structural gene mlcE between 
pSAKexpR transformants and untranformed host cells. 

The results suggests that a protein encoded by cDNA corresponding to a structural 
gene mlc R induces transcriptions of some of the other structural genes (for example, mlc A, 
B, C, D) located in the ML-236B biosynthesis related gene cluster. 
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Example 18: Functional Analysis of mlc E in pSAKexpE transformants. 

A pSAKexpE transformant designated as TE1 which was obtained in Example 12. 
and its untransformed host cells. Penicillium citrinum SANK13380. were inoculated in 
MBG3-8 medium and incubated individually as described in Example 8. 

Total RNA was extracted from each of the cultures described in Example 8. 

RT-PCR was carried out using said total RNA as a template and a pair of 
oligonucleotides designed on the basis of nucleotide sequence of the structural genes mlc A. 

B, C, D, E or R as primers. Primers used for the present example were identical with those in 
the table of the previous Example. 

The results of RT-PCR analysis are shown in Figure 6 for the untransformed 
Pencillium citrinum 1 3380. and for a transformant designated TE1 . 

The structural gene mlc E was expressed at the first, second and third day of 
cultivation in pSAKexpE transformants. 

In contrast, the structural gene mlc E was expressed only at the third day of 
cultivation in untransformed host cells. 

On the other hand, there was no difference in the expression of the structural genes 
mlc A, B, C , D and R between pSAKexpE transformant and untranformed host cells (data not 
shown). 

The results suggests that a protein encoded by cDNA corresponding to a structural 
gene mlc E accelerates ML-236B biosynthesis independently of the structural genes mlc A, B, 

C, D and R. 


